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Ada Mineralogica-Petrographica, Szeged, XXXVIII, Supplementum, 5. 1997 
Sándor Koch 
1896- 1983 
A centennial anniversary of birth of Prof. Sándor Koch was held in Szeged, 16-17. 
October, 1996. This festal event was arranged by Institute of Mineralogy, Geochemistry 
and Petrology of Szeged University and Hungarian Geological Society and „Sándor Koch 
TIT Organization" as well as „Sándor Koch Foundation". 
On the first day numerous commemorations were delivered in the aula of Szeged 
University followed by a ceremonial unveiling of a memorial tablet at the entrance of 
Institute of Mineralogy, Geochemistry and Petrology. On the next day a centennial 
scientific session was held with fourteen lectures which introduced the newest home 
results of the branches of geological sciences cultivated also by Sándor Koch. This 
supplementum contains the texts of best selected lectures. 
Prof. Sándor Koch was the starter of our periodical „Acta Mineralogica-Petrographica" 
53 years ago. This extraordinary publication gives him a centennial remembrance from his 
old students and present-day followers. 
Prof. Tibor Szederkényi 
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S E C O N D A R Y S U L P H A T E M I N E R A L S F R O M H U N G A R Y 
SÁNDOR SZAKÁLL1 , MÁRIA FÖLDVÁRI2 , GÁBOR PAPP 3 , PÉTER KOVÁCS-PÁLFFY 2 , ÁRPÁD 
KOVÁCS 4 
' Department of Mineralogy, Herman Ottó Museum 
2 Geological Survey of Hungary 
3 Department of Mineralogy and Petrography, Hungarian Natural History Museum 
4 Department of Metallography, University of Miskolc 
A B S T R A C T 
An overview is given in this paper by genetic types about the secondary sulphate minerals that occur in the 
territory of Hungary. At present we know about 60 secondary sulphate minerals from Hungary (Table 1). 
Numerous rarities occur among them, including bonattite, fornacite, koktaite and millosevichite. 
The secondary sulphate minerals of the sulphide ore deposits and ore indications are quite variegated, 
indicating the variety of precursor sulphide minerals. Especially variegated sulphate parageneses occur in the 
ore deposits of Nagybörzsöny, Recsk and Rudabánya. In magmatic and sedimentary rocks, jarosite and gypsum 
commonly form the weathering of disseminated pyrite and/or marcasite grains. Bauxite deposits are particularly 
enriched in iron-sulphates. Secondary sulphates can be found in large amounts in all coal beds and especially on 
the burning dumps. The important occurrences are Tokod, Egercsehi and Miskolc-Lyukóbánya. A species-rich 
sulphate paragenesis is known from Lesenceistvánd, where it formed by the weathering of the marcasite that 
impregnates the sandstone. 
1. INTRODUCTION 
The secondary sulphate minerals appear in superficial and near-superficial parts of 
different geological formations. They usually occur in sulphide-bearing rocks, forming 
mainly by the weathering of sulphide minerals. The most important environments of 
formation of the secondary sulphate minerals in Hungary are: 
1. zones of weathering of sulphide ore deposits, 
2. zones of weathering of rocks that contain disseminated sulphides, 
3. superficial and near-superficial layers of salting areas, 
4. openings of mine workings, 
5. material of the refuse dumps, 
6. museum (collection) specimens. 
The environments of the formation of secondary sulphates, listed under 1 to 3 are 
independent of human activity, but in the case under 4 to 6 the appearance of sulphate-
bearing paragenesises are caused by anthropogeny influence. We did not include to the 
1 H-3525 Miskolc, Kossuth u. 13. 
2 H-l 143 Budapest, Stefánia u. 14. 
3 H-I083 Budapest, Ludovika tér 2 
4 H-3545 Miskolc-Egyetemváros 
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group of secondary sulphates samples that formed by hydrothermal (epithermal) processes 
(such as the most of barite occurrences and alunite and jarosite of hydroquartzites). 
Evaporites and sulphate-bearing mineral assemblages of caves are not listed either, 
because they consist first of all of primary segregations. 
The secondary sulphates quite frequently have been mentioned in the Hungarian 
mineralogical literature. Most of such papers discuss minerals of abandoned mine 
workings, dumps of coal beds, bauxite beds and clays (KOCH, 1985). 
Based on the large amount of sulphate mineral samples found by the staff of the 
Herman Otto Museum (Miskolc) with the help of numerous collectors, tens of thousands 
of microscopic investigations and thousands of instrumental tests were done in the period 
between 1986 and 1996. The most important results of this work are summarized in this 
paper. 
The instrumental tests usually have been done within 1-2 mounts after collecting: this 
is quite important, because among the sulphates, new mineral phases could form by water 
loss in the period of storage. Moreover, by our opinion, partial water loss could be also 
caused by X-ray radiation during the tests, resulting in difficulties in the interpretation. 
This could occur if a test was done on a specimen that was collected long ago, on a 
museum specimens, or on a sulphate mineral which formed on a museum specimen. With 
regard to the wealth of information, in this paper only short descriptions are given, except 
for those species that are described here. Hopefully, it will be possible to treat some parts 
in more detail in the ftiture. Former results are completed with our new data and classified 
in genetic order in Table 1. 
2. METHODS OF EXAMINATION 
In the first stage, the separation of the different mineral phases was done using an 
optical microscope. Then energy-dispersive X-ray (EDX), scanning electron microscopy 
(SEM) and X-ray powder diffraction (XRD) analyses were performed. If necessary, other 
tests (thermal and IR analyses, wet chemical analyses) were applied. In this paper only 
those minerals are listed which were exactly identified by instrumental tests (as a minimum 
we applied EDX, SEM, XRD). The microprobe and SEM analyses were done at the 
Department of Metallography of the University of Miskolc. The thermal and IR-tests were 
made in the Hungarian Geological Institute, the X-ray powder diffraction analyses at the 
Department of Mineralogy of the Eötvös L. University, in the Hungarian Geological 
Institute, in the X-ray Diffraction Laboratory of the MOL Corp., and in the X-ray 
Diffraction Laboratory of the ALUTERV-FKI. Tests that were done in other institutions 
are always mentioned, together with the conditions of the particular analyses. 
Test conditions: 
University of Miskolc, Department of Metallography: SEM-EDX: AMRAY 1830i, EDAX 
9900, 20 kV accelerating voltage, 10 '° A probe current, SiLi detector, W-cathode. 
Eötvös L. University (ELTE), Department of Mineralogy: XRD: SIEMENS 500D, CuKa-
ray, graphite monochromator, 41 kV accelerating voltage, 20 mA tube current, the 
rotation rate of the goniometer was 1 or 2 degree/minute. 
MOL Corp. Laboratory for Oil and Gas Industry, X-ray Diffraction Laboratory: XRD: 
PHILIPS PW 1820, CuKa-ray, graphite monochromator, 40 kV accelerating voltage, 
30 mA tube current, rotation step by step by 0.05 degree with count time of 1 sec. 
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Hungarian Geological Institute (MAFI) X-ray Diffraction Laboratory: XRD: PHILIPS PW 
1710, CuK0-ray, graphite monochromator, 40 kV accelerating voltage, 30 mA tube 
current, rotation step by step by 0.04 degree with count time 1 sec. 
MAFI Thermoanalytical Laboratory: Derivatograph-C, heating rate 10°C/minute. 
It is not possible to publish in this paper the documentations of each tests, but for the 
important specimens, the adequate test numbers and inventory numbers are mentioned. For 
the jarosite and copiapite groups additional analyses were necessary for further separation. 
XRD and EDX methods were used essentially for the investigation of the minerals of the 
quite frequently occurring jarosite group; using these two methods, the minerals of the 
jarosite group could be satisfactorily distinguished. When potassium and iron were 
detected together with sulphur in a jarosite-bearing phase, then we listed the mineral as 
jarosite. Numerous unidentified species of this group could still exist in Hungary because 
of the variable cation substitutions; in the future, it will be necessary to obtain more wet 
chemical analyses on these minerals. 
3. SULPHIDE MINERALS AND THEIR OCCURRENCES 
Because of the large number of occurrences, a genetic classification was applied for 
the description of the parageneses of secondary sulphate minerals. Within a genetic type, 
the minerals are listed by mountain ranges, or by occurrences, from west to east. 
3.1. SULPHIDE ORE DEPOSITS AND ORE INDICATIONS 
The ore deposits are ideal environments for the formation of secondary sulphate 
minerals. Three main environments of the oxidation of sulphide minerals are known: the 
oxidation belt near the surface, the walls of mine workings (especially the abandoned 
ones) and the dumps. Variegated sulphate mineral assemblages could be formed on 
different deposits, because of the variety of sulphide minerals (see Table 1). 
Szabadbattyan 
Sulphate minerals from this deposit are not mentioned in the monograph by KOCH 
(1985). Anglesite was described by KISS (1951) but was not found by us. Among the 
secondary sulphates, gypsum and jarosite occur rarely on the dump of the lead ore 
occurrence. Gypsum forms 2-3 mm long, acicular crystals, while jarosite occurs in light-
yellow, dust-like tarnish. Fornacite was found once; this is the first finding of this mineral 
in Hungary, so we describe it in more detail. 
Fornacite CuPb2(Cr04As0j)(0H) 
This rare copper-lead-chromate-arsenate, which is included in the class of sulphates, 
was found on a museum specimen collected by PAL KRIVAN in the 1940's (HOM 21629). 
Bindheimite and malachite also appear in this specimen that consists mostly o f cerussite. 
Fornacite occurs in the cracks of cerussite. It is darker than bindheimite, has a wine-yellow 
colour, glassy lustre, in places forming thin-tabular crystals of 10-40 fim, or 100-300 ^m 
size (Fig. 1). The crystals rarely form crusts on the walls of the cracks. 21 reflections of 
fornacite were detected on the XRD patterns, which are in good agreement with the data in 
the JCPDS card 15-200 (Table 2). Cu, Pb, As and Cr were detected by the EDX analysis, 
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so the occurrence of fornacite can be considered as certain. The appearance of fornacite 
fits well into the suite of secondary sulphate minerals of the Szabadbattyan ore deposit, 
where Cu-, Pb- and As-bearing sulphides (e.g., galena, chalcopyrite, tetrahedrite) were 
found. 
Fig. 1. Fornacite, tabular crystals, Szabadbattyán. Scanning electron micrograph. 
Pátka 
Jarosite occurs commonly and gypsum less commonly in the cracks and cavities of the 
siliceous-fluorite-bearing veins of the outcropped ore occurrences in the Kőrakás Hill and 
near the Szűzvár mill. Jarosite occurs in yellow, dust-like spots, and gypsum usually forms 
columnar crystals with sizes less than 1 mm. Anglesite - which was described by 
numerous authors - was not detected yet by our instrumental tests. 
Sukoró 
Jarosite occurs commonly in the formations of the ore indication on the Ördög Hill. 
The accompanying minerals are goethite, cerussite, sulphur and malachite. 
Nadap 
Yellow, dust-like dissemination of jarosite appears quite frequently, together with 
goethite and alunite in the widespread quartzite of the Meleg Hill. It occurs also 
commonly in the cracks and cavities of the material of the Nadap adit, where it was 
formed by the weathering of pyrite. By the XRD patterns, plumbojarosite occurs also in 
the cavities of the quartzite of the enargite-bearing indication, near Likas-kő. 
Plumbojarosite forms here yellow, dust-like tarnishes. The accompanying minerals are 
goethite, or more rarely bayldonite, forming yellowish-green tarnish, and a copper-
arsenate mineral that occurs in light-blue crusts and has yet to be identified. These above 
listed arsenates appear directly in the surroundings of enargite grains, usually enclosing 
them, or in places enargite is fully replaced by these arsenates. 14 reflections of bayldonite 
were identified on XRD pattern G241, together with 2 reflections of plumbojarosite: the 
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100 at d=3.079 (3.066), and the 95 at d=5.96 (5.93). The values in the brackets are the 
corresponding values from JCPDS card 18-698 of plumbojarosite. Pb, Fe and S were 
detected by the EDX analysis of the jarosite-bearing phase, confirming the result of the 
X-ray diffraction. 
Nagybörzsöny 
A sulphate-rich paragenesis is known form the mine workings, which were opened by 
the surveying of the ore occurrence in the second part of this century. A review is provided 
by NAGY (1984). Kröhnkite was described by ERDÉLYI et al. (1957) with question mark 
and after that it was not possible to find another specimen of this mineral - we consider as 
uncertain information. 
We found a significant amount of sulphates on the dumps near Rózsa Hill that were not 
yet described from this area. Recent sulphate bloomings have been formed in large 
amounts on the surface of the pyrite-marcasite-bearing rocks on the dumps of the Altáró 
and Lower Rózsa adit along with arsenates (SZAKÁLL et al., 1994). The following sulphate 
minerals were identified by XRD, thermal, SEM and EDX tests: copiapite, gypsum, 
jarosite, melanterite, rozenite, römerite, siderotil, szomolnokite and voltaite. From these, 
jarosite and gypsum are widespread. Jarosite occurs commonly on the dump of the Upper 
Rózsa adit, in the material of the small outcrops on the peak of Rózsa Hill (SZAKÁLL et al., 
1995), and also on the dumps of the Lower and Upper Fagyosasszony adits. Copiapite 
appears in 2-3 mm-sized, yellow aggregates; melanterite forms greenish incrustations; 
rozenite occurs in 1-2 mm-sized, white, curved, fibrous aggregations; szomolnokite, 
together with rozenite can be found in dust-like aggregates, and voltaite appears in crusts 
of 0.1-0.2 mm-sized, poorly developed, black crystals (XRD C271, C272, L173). 
Anglesite appears rarely in the vein quartz of the Altáró, forming sub-millimetric, white, 
sawtooth-like crystal groups and white segregations on the quartz, together with 
arsenopyrite and galena (XRD C285). Among the sulphates that were identified from this 
deposit, römerite and siderotil were first found here in Hungary, so we introduce them in 
more detail. 
Fig. 2. Römerite crystals, Nagybörzsöny, drain adit. Scanning electron micrograph. 
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Römerite Fe3(S04)4. . 14H20 
It was found in a sulphate-rich paragenesis, on the dump of Altáró. It forms 1-2 mm 
long, loose crusts and aggregates of sub-millimetric, light-pink crystals on the weathered 
surface of pyrite and marcasite (HOM 20820), and occurs in self-contained masses. By the 
SEM analyses, the stumpy crystals have 50-200 (im size and they are usually cracked (Fig. 
2). 
Wet chemical analysis of römerite from Nagybörzsöny give the following results: 
by specimen by HÖLZEL (1982) theoretically 
Fe203* 27.3 29.3 29.8 
H20 [29.5] 30.98 31.3 
S03 40.3 38.4 39.8 
E 97.1 98.68 100 
•summarized FeO and Fe203. 
[ ] - calculated from thermal analysis. 
Analyzed by Mrs. I. SOHA (MAFI). 
1000 "C 
Fig. 3. Thermoanalytical curves of römerite from Nagybörzsöny. 
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The reactions that appear on the thermoanalytic curve (Fig. 3) are: 
on the specimen 
139-142 °C endothermic 
165.3 °C endothermic 
193-195 °C endothermic 
296-298 °C endothermic 
526.5-530.3 °C exothermic 
760-762.3 °C endothermic 
1 6 . 7 9 % 
6 . 0 5 % 
5 . 4 % 
1 . 2 5 % 
? 
3 6 . 8 1 % 
by TSVETKOV a n d VALYASCSHIKHINA 
80-105 °C endothermic 
105-135 °C endothermic 
175-200 °C endothermic 
220 °C endothermic 
410-620 °C exothermic (570 °C) 
6 2 0 - 7 7 0 ° C 
The ignition losses by the TG curve are 67.16%. 
The water-content and the ignition losses on the curve, published by CVETKOV and 
VALYASCSHIKHINA (1955) are 28.82% and 67.59%, respectively. This means that the 
curves of the test correlate well with the published data. 
17 reflections of romerite were identified on the X-ray diffractogram (C273). The 
reflections with largest relative intensities are: the 100 - 4.78 (4.79), the 90 - 4.04 (4.03), 
t he 5 0 - 5 . 0 8 ( 5 . 0 5 ) A d v a lue s . 
Fig. 4. Siderolil crystals, Nagybörzsöny, drain adit. Scanning electron micrograph. 
Siderotil (Fe,Cu)SOj. 5H20 
Together with other sulphates, it occurs on the weathered surface of the pyrite-
marcasite-bearing rocks of the Altaro. The 2-5 mm sized siderotil crusts - formed by 
intergrowths of sub-millimetric, light-brown crystals - are accompanied by melanterite 
(HOM 23622). According to SEM images, these crusts are formed by 20-50 nm-sized, 
stumpy crystals, occasionally grouping into spherulitic aggregates (Fig. 4). The 
identification of this mineral was based on the XRD patterns No. C270 (Table 3), where 
22 reflections appeared, in good agreement with the data of JCPDS card 22-357. The 
reflections of melanterite, gypsum, pyrite and quartz were detected together with siderotil 
on other XRD patterns (G270). An iron sulphate was detected by the thermal analysis, 
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obtained from a small amount (6.4 mg) of the sample, but the information is not enough 
for a detailed identification. The EDX test confirmed the presence of Fe, S and Cu. 
Salgótarján 
Gypsum and jarosite appear in minute amounts in the polymetallic ore indication of the 
andesite quarry of Karancs Hill, accompanying the altered sulphides. 
Parádsasvár, Béke adit 
Secondary sulphates are not mentioned in the literature (K.OCH, 1985), but in the last 
years they have been intensively formed on the dump of the Béke adit. By the instrumental 
tests, the following minerals were identified: azurite, cerussite, devilline, gypsum, goethite, 
hematite, hemimorphite, hydrozincite, jarosite, cuprite, malachite and copper. Among the 
sulphates, jarosite forms dust-like tarnish, gypsum appears in mm-sized, acicular crystals, 
and devilline occurs in 0.2-0.6 mm sized, thin-tabular or lath-shaped, sky-blue crystals or 
in radial aggregates. This is the second appearance of devilline in the Mátra Mountains. It 
seems that the chalcopyrite- and calcite-rich material of the dumps of the Middle Mátra is 
a suitable environment for the formation of devilline. It commonly formed on the surface 
of the chalcopyrite crystals, accompanied by kaolinite. The five largest reflections 
appeared on the diffraction patterns, which agree well with the data on the JCPDS card 35-
0561. The presence of Ca, Cu and S was identified by EDX, in agreement with the 
composition of devilline. 
Gyöngyössolymos, prospect pit on Névtelen-bérc 
The weathered dump of the prospect pit has been enriched by secondary sulphate 
minerals in the last years. According to KOCH (1985) and by our research, the following 
secondary minerals were detected: devilline, gibbsite, gypsum, goethite, greenockite, 
jarosite, kaolinite and malachite. Gypsum and jarosite appear commonly, whereas 
devilline occurs more rarely. 
Fig. 5. Devilline, lath-like crystals, Gyöngyössolymos, Névtelen-bérc adit Scanning electron micrograph. 
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Devilline CaCu4(S04)2(0H)6 .3 H20 
The sky-blue, lamellar aggregations of devilline occur directly on chalcopyrite or in the 
cavities of vein quartz, forming 1-3 mm-sized radially-fibrous aggregates (HOM 22239). 
SEM images show that the aggregates consist of 20-80 |un long, lamellar and lath-shaped 
crystals (Fig. 5). Devilline usually appears with malachite and clay minerals. Three 
reflections of devilline, quartz, calcite and an unidentifiable clay mineral appear on the 
XRD patterns that where obtained from a small amount of the sample. The three 
reflections - which are the strongest reflections of devilline - do not overlap with other 
peaks and correspond to the three largest reflections published on JCPDS card 35-0561 of 
devilline: 
Devilline from Névtelen-bérc: 10.23 5.12 3.40 (A) 
Devilline by JCPDS 35-0561: 10.22 5.10 3.39 (A). 
The diffractogram alone would not have been enough for the detection of devilline, 
because the three largest reflections of serpierite appear very close to the above listed 
values; however, EDX detected only Ca, Cu and S from these crystals. Since no Zn was 
detected, the presence of serpierite could be excluded. 
Gyöngyössolymos, pits of Nyirjes 
Only jarosite and gypsum were found from the sulphates on the weathered dumps. 
Goethite, hematite, malachite, copper, cuprite and clay minerals appeared as 
accompanying secondary minerals. 
Recsk, Lahóca Hill 
The earlier information about the sulphate-rich paragenesis of the old pits of the 
Lahóca Hill were summarized by KOCH (1985). 
Secondary sulphates have been formed frequently by weathering on the dumps of 
Lahóca Hill. Jarosite and gypsum appear commonly. Chalcanthite also occurs, especially 
on the dump of the Rm-48 inclined adit. Jarosite forms yellow, dust-like tarnishes and 
gypsum appears in transparent, acicular aggregates. Chalcanthite forms ink-blue spots 
with glassy lustre in the cavities of the enargite-pyrite-bearing ore. Szomolnokite could be 
found frequently on the surface of the marcasite-bearing specimens that weathered during 
storage. It was formed probably as a pseudomorph after melanterite crystals, forming 
ocher-brown, massive, 1-3 mm-sized crystals with rough surfaces. 22 reflections of 
szomolnokite were identified on the X-ray diffractogram (G340). The three largest 
reflections with their relative intensities are: 100 - 3.42 (3.43), 40 - 3.08 (3.11), 34 - 2.51 
(2.52) A d values. (The data of the JCPDS card 21-925 are between brackets). Together 
with szomolnokite, the reflections of marcasite and quartz appear with small intensities. 
Rozenite and copiapite were detected in the close environment of the szomolnokite. 
Coquimbite was detected by the X-ray powder patterns from a sulphate-bearing sample 
from the Lahóca Hill, Katalin level in the collection of the ELTE (K 100638) (oral 
communication of T. G. WEISZBURG). 
Recsk, deep level 
Numerous recent sulphate minerals were found in the adits of the Recsk deep level ore 
deposit (Kiss & JÁNOSI, 1993). Unfortunately, a part of these were published without 
detailed information, so the appearance of these sulphates - by our opinion - is not fully 
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certain. The minerals which were detected by manifold instrumental tests (XRD, EDX, 
SEM) are the following ones: blodite, brochantite, chalcanthite, epsomite, thenardite and 
gypsum. From these recent segregations we also identified siderotil, sideronatrite and 
bonattite. 
Siderotil was found by XRD (VI53), occurring in yellowish-green crusts and in 
botryoidal aggregates. Nearly all 22 reflections of siderotil that are listed on JCPDS card 
22-357 appeared on the diffractogram. Reflections with largest intensities were: 100 -
4.89 (4.89), 80 - 3.72 (3.73), 60 - 5.61 (5.57) A d values (the data of the JCPDS card are 
listed in the brackets). The reflections of palygorskite were also found with small 
intensities. Fe- and S-contents were detected form these segregations by EDX. 
Sideronatrite Na2Fe(S04)2. 3H20 
This is the first occurrence of sideronatrite in Hungary. Its appearance is not surprising, 
because it is the iron-bearing analogue of the quite common magnesium-bearing blodite. 
Sideronatrite forms yellowish-brown crusts and spherulitic incrustations among the 
segregations of the level on -700 m (HOM 18722). The sub-millimetric spherules of the 
incrustations consist of radiating aggregates of 40-80 ^m long, acicular crystals (Fig. 6.). 
According to XRD patterns, the accompanying minerals are halite and blodite. 18 
reflections of sideronatrite were detected on the X-ray powder diffractogram (VI54) (Fig. 
7.). The largest reflections appeared at: 100 - 10.3 (10.2), 80 - 3.06 (3.01), the two 60 -
3.41 (3.38) and 2.72 (2.68) A d values (data of the JCPDS card 17-158 are listed in 
brackets). Na, Fe, S and a small amount of Mg were detected by EDX. 
Fig. 6. Sideronatrite sprays, Recsk, - 7 0 0 m level. Scanning electron micrograph. 
Bonattite CuS04. 3H20 
The quite rare bonattite is known from Hungary only from this deposit. It occurs in 
bluish-green incrustations, together with the dominant dypingite and with eriochalcite. We 
detected it by XRD, EDX and SEM tests. The 50-100 |am-sized spherules consist of 
radiating aggregations of lath-shaped crystals (Fig. 8.). 19 reflections of bonattite 
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appeared on the X-ray powder patterns (G350). The largest reflections, which appear 
without overlapping are at: 100 - 4.39 (4.41), 70 - 5.09 (5.10), 60 - 3.64 (3.64) A d 
values (the data of the 22-249 JCPDS card is listed in the brackets). Cu and S were 
detected by EDX. 
(is) 
Fig. 7. X-ray powder diffractogram of sideronatrite, blodite and halite, Recsk, - 7 0 0 m level. MOL Ltd., 
Budapest 
Fig. 8. Bonattite, globular aggregates. Recsk, - 700 m level. Scanning electron micrograph 
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Parad-Paradfiirdo, Egyesseg adit 
Significant amount of ore-bearing specimens occur in the large depositing tanks that 
were used for alum production and are in front of the adit. Because of the abundance of 
water, sulphate-bearing blooms appear quite frequently in this area two arsenate 
segregations were found, too, but they are still not accurately identified). Coquimbite, 
gypsum, halotrichite and jarosite were detected from the sulphates by the instrumental 
tests (XRD V60, V87-88, C223). Halotrichite forms white, fibrous aggregates, gypsum 
occurs in colourless, acicular crystals and jarosite in yellow, dust-like tarnish. 
Coquimbite Fe2(S04)3. 9H20 
Coquimbite in Hungary was first found here, as brownish-yellow, yellow crusts and 
aggregates, together with halotrichite. 25 reflections of coquimbite were detected on the 
X-ray powder patterns (Fig. 9.). The largest ones were at: 100 - 8.33 (8.26), 75 - 2.76 
(2.75), 65 - 5.49 (5.45) A d values (the data of the JCPDS card 6-0040 are listed in 
brackets). The reflections of the quartz, kaolinite and a not identified phase appear, too on 
the diffractogram. Fe and S were detected by EDX. 
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Fig. 9. X-ray powder diffractogram of coquimbite, kaolinite and quartz, Parad-ParadfUrdo, Egyess6g adit. Dept. 
of Mineralogy, ELTE, Budapest 
Gyöngyösoroszi 
The secondary sulphates of the Gyöngyösoroszi ore deposit were summarized by 
NAGY (1986). Based on XRD and EDX tests we complete this list with thenardite and 
anglesite. 
Thenardite was found on the walls of mine workings, on the -100 m level of the 
Aranybánya adit, forming white, flour-like bloomings (HOM 19869). Aglesite was found 
in sub-millimetric, white spots or flour-like tarnish on the surface of galena crystals (XRD 
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C283). A characteristic secondary sulphate paragenesis has been formed by the weathering 
of sulphides in quartz veins, disseminated ore minerals, outcropping near the Upper 
Károly adit. It contains covellite, sulphur, malachite, gypsum, goethite, jarosite, hematite 
and anglesite. Anglesite - formed by the weathering of galena - occurs in crusts of sub-
millimetric crystals on quartz. 
Rudabánya 
This large open pit is an ideal environment for the deposit of the secondary sulphates 
considering that the sulphide-bearing formations have been recovered on a large area. In 
addition to the information provided by KOCH ( 1 9 8 5 ) and NAGY ( 1 9 8 2 ) , we detected the 
following sulphates that were unknown so far from this area: antlerite, botryogen, 
brochantite, copiapite, devilline, fibroferrite, jarosite, linarite, magnesiocopiapite, 
plumbojarosite, posnjakite, rozenite, serpierite, slavikite, starkeyite, siderotil and 
szomolnokite. 5 
Brochantite (by XRD and EDX tests) appears in the cavities of the limonite ore of the 
Adolf mine, forming emerald-green, radiating spherules, intergrown with malachite, or 
forming self-contained, 50-200 ^m-sized, thin-prismatic crystals in the cracks of the 
smithsonite, and also forming crusts. Parallel intergrown crystals occur quite commonly. 
Jarosite is a widespread mineral in the outcrops, but usually occurs in small amounts 
only. It was found as a characteristic member of the sulphate paragenesis of the overlying 
lignitic seams, where the yellow, dust-like aggregations of this mineral appear together 
with melanterite, gypsum, rozenite and szomolnokite. This sulphate-bearing assemblage 
formed by the weathering of marcasite-pyrite concretions. In some outcrops of the Adolf 
mine, the clay, which is disseminated with pyrite, has a bright-yellow colour because of its 
fine dispersed jarosite content. 
Siderotil 
It was detected by XRD and EDX (G347) from the recent segregations of the Vilmos 
mine, where it occurs together with copiapite, forming brownish-yellow crusts. 
Copiapite 
It is a quite common sulphate, detected by us in the outcrops of all mines. Usually it 
forms 1-3 cm thick, pale-yellow, lemon-yellow, rarely orange crusts. On SEM images, the 
surfaces of these segregations consist of poorly developed and lamellar aggregates. By 
XRD, EDX and wet chemical tests, this mineral occurs here with variable compositions. 
Aluminocopiapite and gypsum were detected together with hexahydrite from the G232 
specimen. The presence of these minerals was confirmed by thermal analyses. 
Aluminocopiapite is the main mineral of the G231 specimen with accompanying 
fibroferrite and gypsum. The G146 specimen consists of magnesiocopiapite, szomolnokite 
and rozenite in nearly equal proportions. Considering the positions of the thermal reactions 
and the proportions of the TG steps, the composition could also corresponds to 
magnesiocopiapite, but the steps of the water losses are different from the published 
reactions. By the X-ray patterns, the G145 specimen (Vilmos mine) consists of 
magnesiocopiapite (33 reflections), rozenite (20 reflections) and gypsum (8 reflections). 
The result of the XRD test was confirmed by thermoanalytic data, that showed ignition 
losses of 66.24%, measured up to 1001 °C. 
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The following thermal reactions appear on the curve of a sample that weighed 93.9 mg: 
°C weight changes (%) reaction 
133-136 -11.88 loss of molecular water 
193 -13.55 loss of molecular water 
316-323 -0.87 loss of molecular water, total water-content: 29.1% 
356-362 -2.65 loss of molecular water 
431—483 +0.46 oxidation 
533-535 -0.15 dehydroxylation 
775.6 -29.32 decomposition of Fe-sulphate 
865-877 -2.04 decomposition of Al-sulphate, total S03- content: >36.6% 
>1000 ->5.23 decomposition of Mg-sulphate. 
The proportions of the reactions refer most likely to magnesiocopiapite with a small 
A1 -content, but the steps of the reactions do not fully correspond to the published data. 
The presence of an iron sulphate mineral could be presumed by the amount of the weight 
loss near 360 °C. 
By the wet chemical analyses (M. BRAUN, Kossuth L. University, Debrecen), the 
MgO-content of the copiapite minerals from Rudabanya varies between 3.58 and 5.79%, 
so this fact confirms also the presence of magnesiocopiapite among these sulphate-
bearing segregations. 
Fig. 10. Devilline, lath-like crystals, Rudabanya, Villanyteto. Scanning electron micrograph. 
Devilline 
It was found in two outcrops from the open pit. In the outcrop below the „Villanyteto" 
(Andrassy I mine), it was formed by weathering of copper-sulphides, occurring together 
with gypsum, jarosite, goethite, dolomite, claraite, barite and malachite in the fissures of 
the barite-bearing zone. Devilline segregations are usually associated with the 1-4 mm-
sized tetrahedrite patches, forming crusts or appearing in their closest environment (HOM 
24016). The sky-blue, lath-shaped, 0.2-0.5 mm long crystals are usually grouped into 
radiating or spherulitic aggregates, or they cover surfaces of a few cm2 area (Fig. 10.). 21 
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reflections of devilline appeared on the XRD patterns (H2) (Fig. 11.). The largest ones 
occurred at: 1 0 0 - 10.20 (10.22), 9 5 - 5 . 1 0 (5.08), 8 0 - 3 . 1 9 (3.38) A d values (the data of 
the JCPDS card are 22-231 listed in the brackets). 12 distinct reflections of the rare 
mineral claraite were detected on this diffractogram, from which only 3 are overlapped. 
Claraite was detected by EDX and SEM; the greenish-blue, 100-200 urn long crystals of 
this mineral are lath-shaped and usually form spherulitic aggregates. Ca, Cu and S were 
detected by most of the EDX tests of the devilline crystals; small amounts of Zn appeared 
in some analyses. Devilline was rarely found in the cracks of the earthy smithsonite in 
parts of the Adolf mine that are rich in secondary sulphates. Devilline forms 0.2-0.4 mm-
sized, lamellar aggregates, accompanied by aurichalcite and cerussite. 
(2 0) 
Fig II. X-ray powder diffractogram of devilline, claraite and dolomite, Rudabanya, Villanyteto Dept. of 
Mineralogy, Steiermarkisches Landesmuseum Joanneum, Graz. 
Plumbojarosite 
It occurs in the cavities of the siliceous limonite of the Adolf mine, forming 0.2-0.6 
mm-sized, light-brown or yellowish tabular crystals with development of the basal and the 
rhombohedral faces or appearing in incrustations (HOM 22113). The presence of this 
mineral was confirmed by XRD (G82) and EDX (Pb-, Fe-, S-content) tests. The largest 
reflections occur on the X-ray patterns at: 100 - 3.068 (3.066), 95 - 5.93 (5.93), 35 - 3.11 
(3.11) A d values (the data of the JCPDS card 18-698 are listed in the brackets). The 
common accompanying minerals are beudantite, cerussite and malachite. 
Rozenite and szomolnokite were found by us in the northern part of the Andrassy II. 
mine, in the lignite seams of the covering clay layers (G234). Pyrite and marcasite 
appeared frequently both in the lignite and in the clay, forming nodules of a few cm size. 
Rozenite and szomolnokite formed by the weathering of these nodules, close to the 
surface. Rozenite and szomolnokite were detected from the yellow, crust-like blooms of 
the Vilmos mine, too (G146). 
21 
Starkeyite, hexahydrite, epsomite 
They are probably the most widespread minerals on the surface of the extended 
outcrops of the Vilmos, Andrassy I., and Andrassy II. mines. They form white or 
colourless, vitreous crusts, or white, flour-like disseminations. After desiccation, they turn 
into a white dust. They occur especially frequently in the Vilmos mine, on the walls of the 
adit below the so-called „Majomtelep", forming 2-5 cm thick crusts. Hexahydrite (62 
reflections), starkeyite (43 reflections) and gypsum (19 reflections) were detected on the 
G114 X-ray patterns. Epsomite (27 reflections), hexahydrite (42 reflections) and gypsum 
(11 reflections) appeared on the G229 diffractogram with the dominance of epsomite. 
Similar phases were found in other specimens from this area (G230, G348), but in these 
the dominant mineral was hexahydrite. In the G232 specimen, the dominant hexahydrite is 
accompanied by gypsum and copiapite. 
In the following part, antlerite, botryogen, fibroferrite, linarite, posnjakite, slavikite and 
serpierite will be described in detail, because these were first in Hungary in Rudabanya. 
Fig. 12. Antlerite needles, Rudabanya Scanning electron micrograph. 
Antlerite Cu3SO/OH)4 
It was found in numerous places of the oxidation zone of the Rudabanya iron ore 
deposit. By our investigations, it is the most frequent copper sulphate. It occurs together 
with malachite in the cracks of the brown iron ore, in the outcrops below the „Villanyteto", 
forming light-green, dust-like dissemination. We have two series of the collected 
specimens (HOM 19621, HOM 20152) which contain antlerite, but their locality cannot be 
identified. In one of these, antlerite forms light-green, loose, dust-like, sometimes 
spherulitic aggregations on the walls of the cracks in the brown iron ore. In SEM images, 
these aggregations consist of acicular, 5-25 |im long crystals (Fig. 12). Malachite, barite 
and goethite appear in the closest environment of these aggregations. In the other 
occurrence in lignite the light-green, dust-like aggregates of this mineral are accompanied 
by fibrous segregations of chalcanthite. All these observations point to the secondary 
genesis of antlerite in the zone of oxidation. Usually it formed together with malachite, 
probably by the weathering of chalcopyrite. On the other hand, sometimes it has another 
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genesis, as we found a 2 cm thick vein-filling, which consist of small covellite lamellae 
covered by a thin crust of antlerite (G297). 
The result of the wet chemical analysis (in weight%) is the following: 
from Rudabdnya by HOLZEL (1992) 
CuO 64.4 67.08 
H 2 0 [8.8] 10.22 
S03 26.8 22.40 
2 100 99.70 
Analyst: Mrs. I. SOHA (MAFI) (the H 2 0 was calculated by the completing to 100%). 
13 reflections of the antlerite appear on the XRD patterns, which correlate well with 
the data of the JCPDS card 7-407 (Table 4). 
Fibroferrite 
It was found among the recent segregations in the Vilmos mine, from the lower part of 
the so-called „Vilmos-Nagyfal" (HOM 23584). It occurs in yellowish, fine-grained crusts, 
together with dominant aluminocopiapite. The detected reflections mostly relate to the 
JCPDS card of aluminocopiapite. Aluminocopiapite has 31 reflections, fibroferrite 19 
reflections and gypsum 12 reflections on the XRD diffractogram (G231). By the peak-
widths, the specimen contains aluminocopiapite in 80% and fibroferrite in 10%. The 
largest reflections of the fibroferrite appear at: 100 - 11.7 (12.1), 80 - 2.97 (2.98), the 
three 60-s - 6.83 (6.96), 3.45 (3.43) and 2.77 (2.78) A d values (Fig. 13.). From these, 
only the reflection by 3.43 A is overlapped (the data of the JCPDS card 16-935 are listed 
in the brackets). 
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Fig. 13. X-ray powder diffractogram of fibroferrite, copiapite and gypsum, Rudabanya. MAFI, Budapest 
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On the curve of the thermal analysis (Fig. 14.), the arrangement of the reactions and the 
proportions of the steps correspond to copiapite. The steps of the reactions are slightly 
different from the published data, indicating that this specimen first of all contains an OH-
bearing, three valent iron sulphate mineral (fibroferrite by XRD). 
Ignition losses measured up to 1000.3 °C were 62.19%. 
The following thermal reactions appeared on the curve of a sample that weighed 102.4 
mg: 
°C weight losses ( '%) reaction 
133--136 12.35 loss of molecular water 
193--196 14.58 loss of molecular water total water-content: 31.38% 
366--381 2.1 loss of molecular water 
525--538 2.35 dehydroxylation 
752--753 25.44 decomposition of Al-Fe-sulphate 
994--995 >6*78 decomposition of Mg-sulphate, total S03-content: >32.22% 
(%) 
100 1000 °c 
Fig. 14. Thermoanalytical curves of fibroferrite, copiapite and gypsum from RudabSnya. 
A very small amount of alumina and a significant amount of magnesium was detected 
by the wet chemical analysis of the specimen. Magnesiocopiapite could be the other 
dominant sulphate mineral, which accompanies fibroferrite. The coexistence of these two 
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phases was confirmed by the crystal morphology, because on SEM images copiapite forms 
diverse, 5-15 ^m-sized grains or lamellae, whereas fibroferrite appears in 50-200 (un-
sized, fibrous aggregates (Fig. 15). 
f i g /5. Fibroferrite, needle-like crystals, Rudabanya, Vilmos mine Scanning electron micrograph 
B 
Fig. 16. X-ray powder diffractogram of botryogen, copiapite, epsomite, gypsum and melanterite, Rudabanya, 
Andrassy III mine. MAPI, Budapest 
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Botryogen MgFe(S04)2(0H). 7H20 
It was found in the open pit of the Andr^ssy III mine. Yellow and orange spots of a few 
cm2 size appeared on the wall of the outcrop, forming incrustations on the disseminated 
sulphides (HOM 23953). By the result of the XRD test of these orange segregations (H9), 
the dominant phase is botryogen, which is accompanied in decreasing order by epsomite, 
melanterite, gypsum and copiapite (by the XRD the most part of the yellow spots consist 
copiapite). 13 reflections of botryogen were detected on the X-ray patterns (Fig. 16). The 
diffractogram best corresponds to zincobotryogen: 
Rudabânya botryogen, 17-157 zincobotryogen, 34-186 
8.928 100 8.87 100 8.963 100 
6.343 30 6.29 60 6.354 60 
5.161 30 5.11 60 5.166 75 
3.029 45 2.998 80 3.027 60 
A 1.42 % zinc-content was detected by the chemical analysis of the specimen, 
indicating that the mineral could be identified as botryogen, even though this specimen 
contains five minerals. If the five minerals appeared in equal proportions, then the ZnO-
content would be 0.8%. Therefore both by the chemical analysis and by the XRD test it is 
sure that the dominant mineral is botryogen. If it occurs in more than 35%, then the 
analysed phase is zincobotryogen; if it is less, then this is a zinc-bearing botryogen. While 
we cannot establish the proportions of the phases then it could be named as zinc-bearing 
botryogen. Further analyses would be necessary to answer this question. The results of the 






S0 3 33.67 
PO4 1.50 
K 2 0 0.17 
Si02 0.13 
H 2 0 [35.60] 
S 96.28 
Analyst: Mrs. I. BALLÖK (MÂFI), Method: ICP, []: the H20-content was determined by 
thermoanalysis. 
Mosaic pattern can be observed on SEM images, indicating the desiccation of the 
surface of the incrustations. 
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Fig. 17. Linarite crystals, Rudabanya. Adolf mine. Scanning electron micrograph 
Linarite CuPbSO/OH)2 
This is a member of the sulphate-rich secondary mineral paragenesis in the Adolf mine. 
It usually forms 1-2 mm thick, light-blue seams in the earthy masses of smithsonite (HOM 
23315). 1-3 mm-sized aggregates of tabular or prismatic, sky-blue crystals, and radiated-
bunched aggregations that occur in the cracks (Fig. 17). Oriented intergrowths of 3-6 
crystals appears frequently. 16 reflections of linarite can be detected on the X-ray patterns, 
which correspond to the data of the JCPDS card 4-598 (Table 5). Pb, Cu and S were 
detected by EDX. In addition to smithsonite, the following minerals can be found in the 
closest environment: goethite, brochantite, malachite, aurichalcite, jarosite, cinnabar and 
cerussite. 
Fig 18. Posnjakite, tabular crystals, Rudabanya. Width of the picture 0.9 cm 
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Posnjakite Cu4S04(0H)6. H20 
It is known only from a museum specimen (HOM 18599) that originated from a not 
exactly identified area of the open pit. Sky-blue, 1-2 mm pseudohexagonal, thin-tabular 
single or rarely grouped crystals of this mineral occur on the surface of the sample, which 
contains disseminated pyrite and marcasite (Fig. 18). The crystals are associated with 
sulphide-bearing patches, so they formed by the weathering of sulphides. The presence of 
posnjakite was confirmed not only by the morphology of the crystals, but also by X-ray 
patterns (Table 6) and EDX tests that showed copper and sulphur. Because of the 
overlapping peaks of posnjakite and other phases (pyrite, quartz, goethite), it could be 
identified only by the peaks: 100 at 6.95 (6.94) A and the 10 at 3.45 (3.47) A (the data of 
the JCPDS card 20-364 are listed in the brackets). 
Slavikite NaMg2Fe5(S04)7(0H)6. 33H20 
In Hungary, first it was found in the open pit of the Andrdssy III. mine (HOM 23773). 
It occurs rarely, forming yellowish-green, crust-like aggregates, which in fresh state are 
soft and after desiccation become hard. Three sulphate phases were detected by XRD 
obtained from these crusts (A72a). They include slavikite, melanterite and a small amount 
of gypsum. 22 reflections of slavikite appeared on the X-ray patterns. The largest, not 
overlapped ones were: the 100 at 8.99 (9.04) A and the five 80-s at 11.6 (11.7), 5.81 
(5.83), 5.40 (5.41), 4.19 (4.21) and 3.45 (3.47) A d values (the data of the JCPDS card 20-
679 are listed in the brackets). Slavikite occurs in 0.1—0.5 mm-sized, hexagonal tabular 
crystals, on which the {0001} is well developed. On SEM images, the tabular crystals are 
rather cracked because of water losses (Fig. 19.). Fe, Mg and S and in traces Cu and Na 
were detected by EDX. 
Fig. 19. Slavikite, tabular crystals, Rudabanya, Andrassy III mine. Scanning electron micrograph. 
Serpiente Ca(Cu,Zn)4(S04)2(0H)6. 3H20 
It was found in the cavities of a museum specimen (HOM 11413) that originated from 
an unknown point of the open pit. By the paragenesis, this specimen belongs to the zone of 
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oxidation. An interesting secondary mineral assemblage occurs on the black crusts of the 
cavities of the limonite ore that consists of tennantite (by XRD and EDX). Still not fully 
identified, blue and green, botryoidal incrustations and blue radially-fibrous aggregates 
have been formed by the weathering of tennantite (Fig. 20). 
These 1-2 mm-sized, radiating aggregates of sky-blue, lath-shaped, columnar crystals 
consist of serpierite, according to XRD and EDX tests. 9 reflections of serpierite appear 
on the X-ray patterns; among these, the peak at 2.16 A is the only one that is characteristic 
for serpierite but not for devilline, which has a similar diffractogram (Table 7). The EDX 
test detected sulphur and both copper and zinc. According to a semi-quantitative 
microprobe test the Cu:Zn ratio is 3:1, which compared with the published data (HOLZEL, 
1992) indicates a Zn-poor serpierite. 
A small amount of secondary sulphates occurs in the material of the abandoned open 
pit. Compared to Rudabanya, this deposit is much poorer in sulphides. Gypsum forms 1-2 
mm-sized, acicular aggregates and the jarosite appears in yellow, dust-like tarnish, or 
earthy masses. Posnjakite rarely found as skye-blue, fine-grained aggregates or minute 
(less than 1 mm) columnar crystals according to XRD (A. Roberts, Geol. Survey of 
Canada, oral communication) and EDX tests (HOM 24153). 
Telkibanya 
The sulphate minerals of the deposit were described by SZEK.Y-FUX (1970) and 
SZAKALL et al. (1994). 
Fig. 20 Serpierite spray, Rudabánya. Scanning electron micrograph 
Martonyi 
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3.2. SECONDARY SULPHATES IN MAGMATITES (IN THE ENVIRONMENT OF 
DISSEMINATED SULPHIDES) 
Among the secondary sulphates - except , for a few exceptions - , only gypsum and 
jarosite occur in magmatic rocks, but they are much more widespread that it was known 
before. According to our data, jarosite and gypsum appear in the surroundings of nearly all 
pyrite and/or marcasite disseminations, veins or crusts (see Table 1.). Both sulphates 
formed by the weathering of iron sulphides and potassium- or calcium-rich silicates. They 
appear nearly by the same origin in hydroquartzites formed by the postvolcanic activity of 
magmatites, first of all in the Mátra and Tokaj Mountains. Gypsum usually forms 1-3 mm 
long acicular crystals and aggregates, while jarosite appears in yellow, dust-like tarnishes 
the apparently as common occurrence of jarosite may be related to the fact that it usually 
forms together with goethite, or it turns into goethite by weathering. 
The sulphate parageneses that are different form the above listed ones and were 
instrumentally tested, are the following: 
- Szomolnokite was detected by XRD and EDX tests from weathering products of the 
quartz inclusions disseminated with pyrite, in the andesite quarry of Kisnána. 
- Jarosite, gypsum and halotrichite and first of all goethite formed by weathering of the 
surface of the andesite disseminated with pyrite, in the abandoned andesite quarry near the 
Rudolf-tanya, Parádsasvár. 
- During storage, copiapite, rozenite and szomolnokite formed by weathering of marcasite 
on the surface of the (usually dark-grey coloured) limnoquartzite specimens from Rátka 
(Hercegköves quarry), containing disseminated marcasite (XRD G54). 
- Andesite of the quarry of Kopasz Hill, Tállya frequently contains disseminated pyrite 
along fissures. Gypsum, formed by weathering of pyrite was mentioned by TOKODY 
(1965). White, yellowish-white blooms of Mg-sulphates - hexahydrite, pickeringite and 
epsomite appear by weathering on the surface of pyrite-bearing andesite (XRD El6, 
G65). 
3.3. SECONDARY SULPHATES IN SEDIMENTARY ROCKS (IN THE 
ENVIRONMENT OF DISSEMINATED SULPHIDES) 
Gypsum and jarosite appear commonly in sedimentary rocks. They occur in any kinds 
of sedimentary rocks that contain disseminated pyrite and/or marcasite; their formation is 
similar to those ones, which have been formed in magmatic rocks. 
3.3.1. SEDIMENTARY MANGANESE DEPOSITS 
Úrkút, Eplény 
Gypsum occurs commonly in the clay that covers the manganese ore bodies (KOCH, 
1985). Rarely we found earthy, yellow tarnishes that consist of jarosite (HOM 22973). 
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3.3.2. SEDIMENTARY URANIUM DEPOSITS AND URANIUM INDICATIONS 
Kovagoszolos 
According to KOCH (1985), the recent paragenesis of the walls of the mine workings 
consists of uranopilite, zippeite and gypsum (see Table 1.). We detected thenardite by 
XRD tests (C83, L81), (HOM 21704); it forms 1-4 cm-sized, white, stalactite-like 
aggregations. Gypsum appears in similar form on the walls of the mine workings, together 
- with aragonite or rarely with calcite. Jarosite occurs rarely in yellow, dust-like tarnish. By 
XRD and EDX, we also detected zippeite, but a more detailed investigation would be 
necessary, considering the substitution possibilities in the zippeite group. 
Nagyvisny6 
The secondary sulphates (anglesite, gypsum, jarosite) of this uranium indication, 
occurring in sandstone, were summarized by VINCZE & SELMECZLNE (1976-1980). 
3.3.3. BAUXITE DEPOSITS 
Extremely abundant - iron sulphate-rich - parageneses were, formed by epigene and 
hypergene processes in the Hungarian bauxite deposits (see Table 1.). They were 
summarized by BARDOSSY (1977). We can complete them with alunogen, which was 
found in the dump of the Nagyegyhaza deposit, forming white, recent incrustations. 
3 .3 .4 . P H O S P H A T E I N D I C A T I O N S 
Jarosite, which occurs together with AL- and Fe-phosphates in the phosphate 
indications of the Uppony Mountains, was described by ELSHOLTZ, SELMECZINÉ ANTAL & 
SELMECZI ( 1 9 6 9 ) a n d SELMECZINÉ ( 1 9 7 3 ) . 
3.3.5. COAL BEDS 
Variegated, mineral-rich sulphate parageneses are known from coal beds (KOCH, 
1985). The sulphate minerals appear directly in the coal, on the walls of the mine workings 
and also on the burning dumps. The largest variety of these minerals was formed on the 
slowly burning dumps, in the so-called fiimarole phase, when they are segregated from 
vapour. Sulphur and sal ammoniac occur frequently, accompanying the sulphates. In the 
surroundings of the fumaroles, the loose dump is cemented commonly with „seams" of 
sulphates (and sulphur and sal ammoniac), with thicknesses up to 1-2 dm. The largest 
crystals and incrustations are formed on the exhaust holes of the fumaroles. The 
characteristic sulphate parageneses (except for gypsum and jarosite, which occur 
everywhere) vary by the mountain ranges. 
Tschermigite and aluminite are the characteristic minerals of the Eocene coal beds of 
the Gerecse Mountains. Epsomite and halotrichite appear here in the mine workings, and 
the most frequent minerals of the dumps are alunogen, halotrichite and rozenite (see 
Table 1). 
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On the dump of the coal beds near Tatabánya, rozenite and melanterite occur 
frequently. 
The coal mine workings and the dumps in the Mecsek Mountains contain alunogen, 
halotrichite, rozenite and melanterite. 
Na-sulphates such as thenardite and sodium alum occur usually in Bátonyterenye 
(Nógrád coal basin). 
Ammonium sulphates appear commonly in the beds of the Borsod coal basin. Species-
rich parageneses were found by us here both in the mine workings (Egercsehi) and on the 
dumps (Ormosbánya, Miskolc-Lyukóbánya, Múcsony, Radostyán). We have no 
information about any other paragenesis related to coal beds in the Carpathian Basin, that 
contains as many secondary sulphate species as this one. 
Sopron-Brennbergbánya 
Gypsum and jarosite were detected in small amount from the burned dump of the 
Hermes shaft. Rozenite and melanterite were also found on the surface of marcasite 
aggregates, forming curved fibres or light-green tarnish. 
Komló 
The sulphate minerals of the coal beds of the Mecsek Mountains were summarized by 
NOSKE-FAZEKAS & NAGY-MELLES (1969). We can complete the list with the observations 
of alunogen which was found in large amount on the dump of the Komló-Dávidföld mine 
(XRD C217, C218). Alunogen forms here white, yellowish-white, 1-2 cm thick crusts on 
the burned aleurolite. 
Pécs-Vasas 
Various occurrence of gypsum was observed in the material of the Vasas open pit. It 
occurs both in the cracks of the coal and in the enclosing layers, forming a few mm-sized 
crystals. Yellow, dust-like aggregations of jarosite are also common. 
Tokod 
The sulphate minerals, occurring in the enclosing sedimentary rocks of the coal bed, 
were summarized by PAPP (1990). 
Dorog 
Jarosite and gypsum appear in a small amount on the old dumps in the Anna Valley. 
Esztergom, Lencse Hill 
The most commonly occurring sulphates of the dumps of the Lencse Hill mine are 
gypsum, jarosite and mascagnite. Jarosite occurs with especially variegated habit, while 
pyrite and/or marcasite concretions and veinlets appear frequently in the whole coal bed. 
They can be found both in the coal and in the enclosing rocks, forming dissemination, 
veins and incrustations. The fossils (shells and snails) that occur in these sedimentary 
rocks were fully recrystallized into marcasite; therefore, the weathered specimens, 
consisting of jarosite and goethite are especially remarkable specimens. 
Gypsum and mascagnite were found in especially large amounts, together with sulphur 
on the old, burned dump of the Lencse Hill mine, where they form 1-2 dm thickcrusts. 
Gypsum was found in aggregates of a few mm long crystals. Mascagnite was detected by 
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the XRD diffractogram (G391) in greyish-white, botryoidal aggregates, accompanied by 
sulphur. 
Bajna 
The following sulphates are known from the brown coal open pit of Hantos-puszta. 
Gypsum aggregates occur in extremely variegated habit, size (the largest ones are 40-50 
cm in diameter) and colour (colourless, white, grey, yellow, black) in the enclosing clay 
and sand layers. Jarosite forms dust-like dissemination, 2-3 cm-sized massive aggregates 
or 1-2 mm thick crusts on the surface of the quite widespread marcasite concretions. 
Rozenite appears commonly in white fibres on the weathered surface of the marcasite-
pyrite concretions. 
Sárisáp 
Gypsum and jarosite were detected from the enclosing sedimentary rocks. 
Mogyorósbánya 
Gypsum and jarosite occur frequently in the workings of the brown coal mine. The 
most interesting mineral here is tschermigite, which appears rarely, forming fibrous, 0.5-1 
cm thick, white, vitreous veinlets. This appearance is quite similar to an other one, which 
was found earlier in Tokod. The presence of tschermigite was confirmed by X-ray 
patterns (C60). Nearly all reflections of the JCPDS card 7-22 appeared on this 
diffractogram. The largest reflections were detected at the following d values: 100 - 4.32 
(4.32), 80 - 4.08 (4.08), 75 - 3.26 (3.27) A. 
Várpalota 
The following sulphates were detected from the specimens, obtained from the dump of 
the Inota-puszta shaft. Jarosite and gypsum are the most frequent sulphates, they occur in 
dust-like disseminations or in 1-3 mm-sized aggregates. White, yellowish-white 
incrustations of anhydrite and mascagnite appear rarely, as confirmed by X-ray patterns 
(C53). 36 reflections of mascagnite were found in the diffractogram. In SEM images, the 
mascagnite-bearing crusts consist of dense intergrowths of fine-lamellar crystals (HOM 
19628). 
Bicske, Csordakút 
The secondary sulphate minerals of the coal bed were described by WEISZBURG 
(1981). 
Tatabánya 
Information about the sulphate minerals related to the coal beds of Tatabánya were 
summarized by KOCH (1985). The formerly burned dumps of the coal mines in the 
surroundings of the town contain a small amount of sulphates. The widespread ones are 
gypsum and jarosite, which occur both in the coal and in the enclosing rocks. Gypsum 
occurs in smaller amounts than on the other dumps, but jarosite has a quite variable 
appearance. It forms dust-like disseminations, incrustations, pseudomorphs after pyrite and 
marcasite and also after fossils, which have been recrystallized into an iron sulphide. 
White, fibrous aggregates of rozenite with a few mm size were found commonly on some 
dumps, on the surface of the very frequent marcasite-pyrite concretions (XRD C220). 
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Verőce, Katalin Valley 
Jarosite and gypsum occurred in a small amount on the dump of the lignite mine (XRD 
C91) abandoned long ago. 
Bátonyterenye 
The following sulphate mineral assemblage was detected from the formerly burned 
dump of the Szoros-patak shaft: gypsum, jarosite, pickeringite, sodium alum, thenardite. 
Among these, gypsum and jarosite are the most frequent ones; they form few mm-
sized, acicular aggregates and yellowish, dust-like segregations, respectively. Thenardite 
occurs in white, flour-like disseminations. Pickeringite is a characteristic sulphate of the 
white incrustations. 
Sodium alum NaAl(S04)2 . 12 H20 
Sodium alum is known from Hungary only from this deposit. It was detected from 
white crusts and fibrous aggregates, together with a small amount of gypsum and with 
quartz grains, which were probably mixed with the sulphates. 
18 reflections of sodium alum were detected on the X-ray powder patterns (V96) 
(Table 8.). The three largest reflections appeared at the following d values: the 100 at 
4.24 (4.23); the 50 at 3.66 (3.65); the 40 at 3.96 (3.98) A. (The corresponding values of 
the JCPDS card 1-397 are in the brackets). Na, A1 and S were detected by EDX. 
Gypsum and jarosite occur in a small amount on the dump of the Kányás-puszta shaft. 
Using EDX, we found minerals of the jarosite group that are uncharacteristic for jarosite 
(they did not contain potassium). In their closest environment, portlandite and a small 
amount of brucite were found (SZAKÁLL, 1989). 
Visonta 
Only two sulphate minerals - gypsum and jarosite - were found in these large lignite 
open pits, probably because of the small number of collected specimens. Jarosite occurred 
only in minute amounts, while gypsum usually formed cm-sized, rose-shaped aggregates, 
but 25-30 cm-sized ones appeared, too. Individual crystals occur rarely, but among them, 
a remarkable skeletal crystal of 4 cm size was found with perfect edges. 
Miskolc-Lyukóbánya 
An extremely large variety of sulphate efflorescences have been formed between 1980 
and 1990 on the slowly burning dumps of the coal beds. The following data were obtained 
by instrumental tests (XRD, EDX, SEM and thermal analysis). Gypsum occurred with 
great frequency, forming fibrous or flour-like aggregates. Hexahydrite appeared in white, 
flour-like tarnish or in fibrous aggregations. Anhydrite was detected in a small amount, 
together with gypsum by XRD tests. Alunogen, accompanying millosevichite and voltaite, 
appeared in white and greyish-white crusts. Mascagnite occurred in white, yellowish-white 
crusts, together - by XRD diffractogram - with a small amount of koktaite and gypsum. 
Rozenite was found in white, dust-like aggregates. 
Mascagnite, koktaite and millosevichite were first detected in Hungary from this 
deposit; therefore, the related investigations will be outlined here. The sulphate 
paragenesis was accompanied by a large amount of sulphur, less commonly by sal 
ammoniac, goethite and hematite, rarely by portlandite and albite. 
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Mascagnite (NH4)2S04 and koktaite (NH4)2Ca(S04)2. H20 
The dirty-white, yellowish-brown, or grey porous crusts of mascagnite occurred quite 
commonly. 1-2 mm-sized spherules of white, lamellar crystals were also found. According 
to SEM images, these crusts had lamellar or cellular structure (Fig. 21). 
Fig. 21. Mascagnite, porous crusts, Miskolc-Lyuköbänya. Scanning electron micrograph 
(¡8) 
Fig. 22. X-ray powder diffractogram of mascagnite and koktaite, Miskolc-Lyukobanya. MAF1, Budapest 
56 appreciable reflections appeared on the X-ray patterns (Fig. 22). 19 of these are 
related to mascagnite. The two largest peaks of quartz and the largest ones of goethite 
could be identified clearly. 12 reflections of koktaite could be detected; 7 of these -
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including the 100 at 1 0 . 1 5 A ( 9 . 8 3 ) and the 6 5 at 3 .31 A ( 3 . 3 0 ) - are not overlapped (the 
data of the JCPDS card are listed in the brackets). By the diffractogram, it could be 
brushite, and/or a small amount of gypsum. 
The result of a wet chemical analysis of the specimen, which contains several phases, is 
the following (compared to the composition of mascagnite and koktaite, according to 
HOLZEL, 1 9 9 2 ) : 
Miskolc-Lyuk6b£nya mascagnite koktaite 
Si02 11.7 
Fe203 3.3 
CaO 1 .4 1 9 . 5 9 
K 20 1 .2 
( N H 4 ) 2 0 14 3 9 . 4 1 1 8 . 1 7 
H 20 6 . 2 9 
S 0 3 5 6 . 3 6 0 . 5 9 5 5 . 9 4 
2 1 0 0 9 9 . 9 9 
Analyst: Mrs. I. SOHA (MAFI). 
Nine endothermic reactions were indicated with weight losses (Fig. 23.) by the thermal 
analysis of a sample that weighed 100.9 mg and was heated up to 1000 °C. Six reactions 
of mascagnite were determined by COCCO (1952). Only two reactions were observed on 
the curve of the thermal analysis of synthetic (NH4)2S04. The data for synthetic (NH4)2S04 
were also published by CVETKOV & VALYASHSCIKHINA (1955). 
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From the above data, the reactions at 352 °C and 556 °C are related to mascagnite. The 
measured weight losses do not fully agree with the presumed reactions. 
1. (NH4)2S04->NH3 + N H 4 H S O 4 
2 . N H 4 H S O 4 - + N H 3 + H 2 0 + S 0 3 
-weight loss: 12.9% 
-weight loss: 87.1% 
The facts, that the measured ignition losses of the specimen are only 72.59% instead of 
100%, and that then are further 7 thermal reactions; plus the results of the wet chemical 
analysis (in accordance with the XRD test), show that the specimen also contains minerals 
other than mascagnite. If the total CaO-content of the wet chemical analysis were 
calculated for this mineral, then the specimen would contain probably 7% of koktaite. By 
XRD diflractogram, the Si02-content is associated with quartz, the Fe-content with 
goethite. 
Millosevichite (Al,Fe)2(S04)3 
It was detected together with alunogen and/or voltaite using XRD and EDX methods. 
It forms massive, white, greyish-white crusts (HOM 13886). Three phases could be 
distinguished on SEM images. Alunogen was found in 10-30 nm-sized, tabular crystals 
(containing A1 and S by EDX), millosevichite (containing Fe, A1 and S) occurred in 15-30 
(im long, columnar crystals (Fig. 24.), and voltaite was characterized by 10-15 (im-sized, 
poorly developed crystals (with K-, Fe-, Al- and S-content). 32 reflections of voltaite 
occurred on the G346 diflractogram, and millosevichite was detected only in a small 
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amount. The largest three reflections of voltaite were at: the 100 - 3.40 (3.39), the 80 -
3.54 (3.53), and the 60 - 5.56 (5.55) A d values (the data of the JCPDS card 20-1388 are 
listed in the brackets). 
Fig. 24. Millosevichite, columnar crystals with alunogen, Miskolc-Lyukobanya. Scanning electron micrograph 
One of the dominant phases on the El 17 diffractogram is millosevichite, which occurs 
there together with alunogen. 21 reflections of millosevichite could be detected on the 
X-ray patterns (Fig. 25.); the largest ones are: the 100 at 3.50 (3.49), the 35 at 2.91 (2.91), 
and the 30 at 5.81 (5.82) A d values. A few reflections of an indefinable phase occur 
together with alunogen on this diffractogram. 
Fig. 25. X-ray powder diffractogram of millosevichite and alunogen, Miskolc-Lyukobanya. Dept. of 
Mineralogy, ELTE, Budapest 
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Ormosbanya 
The following minerals were detected from the specimens of the formerly burned 
dump, near the Ormos shaft, and collected in the period between 1985 and 1990 (XRD 
E289-296). Sal ammoniac appeared most frequently, forming 1-2 cm thick, coarse 
grained crusts, or flour-like aggregates. Yellowish-white tarnishes of mascagnite, 
halotrichite, and hexahydrite were found in smaller amounts. Letovicite which is only 
known from here in Hungary, occurred also in minute amounts, together with sal 
ammoniac and mascagnite. A Ba- and S-bearing phase which appeared in a few (im-sized 
grains, was detected by EDX; it is probably barite. 
Letovicite (NH4)3H(S04)2 
It was detected together with sal ammoniac and mascagnite in the material which was 
collected on the dump. It formed white, fine-grained aggregations on the surface of the 1 -
2 mm long crystals of sal ammoniac, or among the mascagnite aggregates (HOM 17288). 
In SEM images, letovicite also forms 10-15 |im thick crusts, together with mascagnite on 
the crystals of the sal ammoniac (Fig. 26.). These crusts are porous and have a rough-
fibrous structure on the surface of the fracture. Letovicite was identified by X-ray powder 
patterns. 9 reflections of letovicite appeared without overlapping on the diffractogram 
E289 (Table 9.), in addition to the reflections of the much more common sal ammoniac 
and mascagnite. The thermal analysis indicated that the dominant phase is sal ammoniac, 
but small endothermic reactions between 600 and 700 °C point to the decomposition of 
the sulphates mascagnite and letovicite. 
Fig. 26. Letovicite, crusts with sal ammoniac, Ormosbanya. Scanning electron micrograph. 
Egercsehi 
An interesting sulphate mineral assemblage was collected in the abandoned workings 
of the mine in the period 1986-1989. The sulphate segregations appeared in a 20-30 m 
long area on the timbers and in their closest surroundings. The white, yellowish-white 
crusts and stalactitic aggregates covered an area of a few dm2 size. By our observations 
(XRD: E304-307, A226-228, L120, L121), the paragenesis consists of the following 
minerals: alunogen is the main sulphate mineral (forming white, yellowish-white crusts 
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and tabular crystals) the accompanying minerals are tamarugite (in microscopic 
aggregates, in dense intergrowths with alunogen), copiapite (bright-yellow tarnishes and 
globular aggregates), halotrichite (white, acicular aggregates with silky lustre), melanterite 
(light-green crystals of 1-2 mm size and incrustations), and rozenite (formed by the 
decomposition of melanterite and after the disaggregation into a white dust). Here we 
describe in detail tamarugite, because it was first found in Hungary in Egercsehi. 
Tamarugite NaAl(S04)2. 6H20 
It was usually found in small amounts on the white and yellowish-white incrustations 
of lamellar ciystals of alunogen. The white, 0.2-0.8 mm-sized, thin-tabular alunogen 
crystals form loose aggregations that look like stacks of cards. In SEM images, the tabular 
crystals are more often grouped into fan-shaped aggregates (HOM 13075). Tamarugite 
usually occurs together with these tabular crystals, and only rarely forms self-contained 
aggregates of a few |im size. 
The diffractogram of the crust-like segregations (E307) proved the presence of 
tamarugite together with the dominant alunogen (Fig. 27.). Nearly 40 reflections of 
tamarugite appeared on the diffractogram. The peaks with 100 and 60% intensities appear 
definitely at 4.22 (4.22) and 3.64 (3.65) A d values. But the 80 peak is uncertain, because 
it is overlapped by the reflection of the peak with 100 intensity. The result of the wet 
chemical analysis of the specimen, shows that it consists principally of alunogen; the data 
are shown below, in comparison with the composition of tamarugite and alunogen, as 
oei 
Fig. 27. X-ray powder diffractogram of tamarugite and alunogen, Egercsehi. Dept. of Mineralogy, ELTE, 
Budapest 
Egercsehi tamarugite (Hölzel, 1992) alunogen (Holzel, 1992) 
AI203 15.56 14.48 14.9 
Na20 1.03 9.04 
H 20 42.61 30.9 50.01 
SQ3 38.75 45.66 35.09 
Z 97.95 100.12 100 
Analyst: Mrs. I. SOHA (MÄFI). 
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It can be seen from this analysis, that tamarugite appears in this sulphate segregation 
only in a small amount, accompanied by another mineral (alunogen, according to XRD). 







We did not find any publications about the thermal analysis of tamarugite; however by 
general experience, the first four reactions could be considered as water losses, and the last 
one as the decomposition of S03. Based on this, the measured water-content was 42.61%, 
the S03 content 32.56%, the ignition losses were 75.65% (up to 1000 °C). Presumably, 
part of the S03-content (about the 1/4) is related to the sodium and will only decompose 
above 1000 °C. By the water-step proportions, the mineral has 5-5.5 mol water-content 
(or an integral multiple of that). For comparison, the thermal analysis data of alunogen are 
listed as follows: 
Cocco DUBANSKY TODOR 17.5 mol water theoretical the specimen 17-18 mol water 
with tamarugite 
°C °C °C % °C °C 
126 
% 7.65 
170 175 140 142 23.69 
220 47.9 47.2-48.6 281 42.61 
325 330 320 3.93 
910 910 875 35.7 37-36 811 32.56 
Fig. 28. Thermoanalytical curves of tamarugite and alunogen from Egercsehi. 
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Szarvaskő 
A few sulphate minerals were found on the surface of the burned clay, west from the 
village, on the dump of the abandoned coal mine of the Keselyű-bérc. Starkeyite, gypsum 
and jarosite were detected from these segregations. As starkeyite is described for the first 
time here from Hungary, we introduce the results of the analyses in detail. 
Fig. 29. Thermoanalytical curves of starkeyite from Szarvaskő. 
Starkeyite MgS04. 4H20 
It forms snow-white, flour-like tarnish of a few mm thickness in the cracks of the 








The temperatures of the reactions correlate well with the reactions of the water losses 
(1-4.) and with the decomposition (5.) of the hydrous Mg-sulphate. By the measured 
water-content, the specimen consists in 77% of starkeyite. 37 reflections of starkeyite 
were detected on the X-ray powder patterns (L58), in accordance with the data of the 
JCPDS card. The largest reflections were: the two 100-s at 4.46 (4.48), and 2.94 (2.95), 
the 60 at 3.96 (3.95) Á d values (the data of the JCPDS card 14-632 are in the brackets). A 
small amount of quartz and gypsum were detected in the specimen. 
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Result of the wet chemical analysis: 
specimen starkeyite (HOLZEL, 1992) 
MgO 17.4 20.95 
H 2 O 38.5 37.45 
s o 3 38.5 41.61 
E 94.4 100.01 
Analyst: Mrs. I. SOHA (MAFI). 
Putnok 
The following secondary minerals were detected from the dump of the coal mine: 
alunogen, gypsum, goethite, hematite, hexahydrite, jarosite, sulphur and sal ammoniac 
(XRD E269-275). Alunogen and hexahydrite occurred in white, dust-like efflorescences, 
while the gypsum formed sub-millimetric acicular aggregates. 
RadostyAn 
White, dirty-white, massive or porous crust-like sulphate aggregates were found in 
1995, on the dump of the open pit of the coal bed in Radostydn. These sulphates rarely 
form white crusts and bundles of dense, fibrous aggregates with silky lustre (HOM 23872). 
By the instrumental tests, these crusts contain the following sulphates: alunogen, 
hexahydrite, gypsum, pickeringite and starkeyite. Sulphur occurs in the closest 
surrounding of this paragenesis, which is rich in magnesium-sulphates. Pickeringite from 
Hungary was first found here, therefore we discuss the results in more detail. 
Fig. 30. X-ray powder diffractogram of pickeringite and starkeyite from Radosty&i. MAPI, Budapest 
Pickeringite MgAl2(S04)4. 22 H20 
By the X-ray diffraction patterns (G166), the following phases were detected: 
pickeringite (38 reflections), starkeyite (59 reflections), and a small amount of gypsum 
(Fig. 30.). Thermal analysis shows: ignition losses measured up to 1001.3 °C: 66.18%. 
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The following thermic peaks appeared on the sample that weighed 91.3 mg: 4 reactions 
with water losses, causing 43.7% total water loss. The sulphate-content related to A1 is 
15.56%, the sulphate-content related to Mg, up to 1000 °C is 6.71%, the other part 
decomposes above 1000 °C. Pickeringite is the possible Al-Mg sulphate by the thermal 
analysis (Fig. 31.), according to the sulphate-content. On the basis of the Al-sulphate steps, 
it appears that 55% the sample is pickeringite. The remaining water-content is connected 
primarily with another Mg-sulphate mineral (starkeyite). We cannot find any 
corresponding mineral phase for the reaction at 520 °C. 
Fig 31. Thermoanalytical curves of pickeringite and starkeyite from Radostyan 
Fig. 32. Pickeringite needles, Radostyan Scanning electron micrograph. 
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Hexahydrite occurs on the other two XRD diffractograms together with pickeringite. 
The sulphate crusts consist of these two minerals, forming white, silky, fibrous aggregates 
(Fig. 32.). By the result of the thermal analysis - which confirms the XRD diffractogram -
the possible Mg-Al sulphate is pickeringite. The proportion of the steps points to the 
presence of another Mg sulphate mineral (hexahydrite). Mg, A1 and S were detected by 
EDX. 
White, flour-like efflorescences of rozenite appeared on the old, burned dump, 
northwest from the village (XRD E256). They include 2-4 |im-sized grains, which contain 
Pb by EDX tests. Unfortunately, the reflections of this phase did not appear on the X-ray 
powder patterns. Presumably it is anglesite(?). 
Mucsony 
The following minerals were detected from the burning dump of the Szeles shaft: 
gypsum, goethite, halotrichite, hematite, sulphur, mascagnite and sal ammoniac. Sal 
ammoniac forms white crusts and it occurs in places in deltoidicositetrahedral crystals of 
1-2 mm size. Sulphur occurs in the largest amount, forming thick crusts and 
disseminations. The largest crystals of bipyramidal habit reach 1-3 mm length. Rarely thin 
tabular crystals and skeletal crystals appeared. Gypsum was found here in 1-2 mm long, 
columnar crystals, and halotrichite in fine fibres. By XRD tests, mascagnite occurs in 
dirty-white, crust-like segregations. 
Biikk£br£ny 
Only gypsum and a mineral from the jarosite group were detected in small amounts 
from this giant open pit. By EDX, K does not occur in jarosite phase, so it needs further 
investigations. 
3.3.5. CLAY-RICH SEDIMENTARY ROCKS (RARELY WITH THE OCCURRENCE 
OF DISSEMINATED IRON SULPHIDES AND GOETHITE) 
Gypsum is a widespread mineral in the clay. Owing to lack of space, the occurrences -
which were described by KOCH (1985), and the newer ones, too - are listed in Table 1. 
3.3.6. OTHER SEDIMENTARY ROCKS (IN THE ENVIRONMENT OF 
DISSEMINATED SULPHIDES) 
The occurrences of gypsum and jarosite are well-known in numerous sedimentary 
rocks (sandstone, chert, limestone). Jarosite, which cements the sandstone in the 
surroundings of Irota and Gadna is remarkable among these (JAMBOR, 1960). 
The well-known, telethermal marcasite and pyrite of the Pannonian gravel and sand of 
the Keszthely Mountains occurs in large amounts in some places. An interesting sulphate 
mineral assemblage appears by their weathering near the surface and on museum 
specimens. 
Rezi 
Sulphate efflorescences occur on stored pyrite-marcasite-bearing specimens, which 
were collected in the Kotyor stream. The XRD, SEM and EDX tests of these specimens 
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indicate the presence of the following sulphates: copiapite - occurring in 1-2 mm-sized 
yellow aggregates; rozenite - in 1-2 mm long, curved fibres; halotrichite - forming white 
masses with silky lustre; melanterite - in green spots with glassy lustre; gypsum - in white, 
acicular aggregates, and jarosite - forming yellow, dust-like dissemination. 
Voltaite K2FesAl(S04)n. 18H20 
It was the first occurrence of voltaite in Hungary, appearing in 0.2-0.4 mm-sized, 
black crystals with glassy lustre (HOM 23631). The dense intergrown crystals usually 
form crust-like aggregates. In SEM images, the crystals have a deltoidicositetrahedral 
shapes (Fig. 33.). K, Fe, Mg and S were detected from these crystals by EDX. 16 
reflections of voltaite were identified from the X-ray powder patterns (Table 10.), which 
agree well with the data of the JCPDS card 17-539. 
Fig. 33. Voltaite, deltoidicositetrahedral crystals, Rezi. Scanning electron micrograph 
Lesenceistvand 
Zones, cemented with marcasite occurred in different parts of the gravel open pit, 
situated near the village. The result of the mineralogical investigations of the adjacent 
secondary sulphates (copiapite, rhomboclase) were published by KOZAK et al. (1985) and 
b y VICZIAN et al. ( 1 9 8 6 ) . 
The following sulphates were determined by us on specimens that were collected later, 
on several occasions: gypsum, halotrichite, jarosite, melanterite and voltaite. (Halotrichite 
and melanterite were presumed by KOZAK et al. ( 1 9 8 5 ) , too, on the basis of IR-spectra). 
Jarosite forms dust-like tarnish, gypsum occurs in acicular aggregates, melanterite in 
greenish spots and incrustations, halotrichite in white, fibrous aggregates, rozenite in 
white, curved fibres and voltaite occurs in crusts of 0.1-0.3 mm-sized black crystals. 
Considering, that in the different seasons it was possible to collect different parageneses, 




Extremely nice gypsum crystals and aggregates, occurring in large variety and size -
partially having secondary origin - were found in the large cavities of the limestone and 
sandstone layers of the clay mine. They were described by KÁXAY SZABÓ (1992). An 
interesting sulphate paragenesis was recovered in the end of the 1980's and in the 
beginning of the 1990's, in the end part of the V. mine opening and in several parts of the 
adit and also in the left side strike of the V/l cross adit (HOM 21905). The appearance of 
these sulphates are not surprising, since disseminated pyrite and/or marcasite occur both in 
the limestone and in the sandstone. The abundance of these sulphides could be observed in 
several places, commonly occurring in crystals and aggregates of a few mm size. It is sure 
that the following secondary sulphates have been formed by the weathering of these 
sulphides which were detected by the instrumental tests (XRD L138, LI39). Starkeyite 
occurs in 3-5 cm long, white, fibrous aggregates, halotrichite in 1-3 mm-sized, white 
bundles. Melanterite appears in bottle-green nodules of 2-4 cm size, having glassy lustre 
and in fissures up to 1 cm thickness, appearing in the clay, which is black because of its 
iron sulphate content. Fibrous, dull, white rozenite aggregates were formed by the 
weathering of melanterite. Jarosite appears rarely in light-yellow, earthy patches in the 
clay. Gypsum and a small amount of jarosite occur in the large open pit. White, fibrous 
aggregates of halotrichite can be found on the surface of the marcasite-pyrite concretions, 
which appear in the clay. 
Kecskemét, Úri Hill 
Together with chlorides and carbonates, several sulphates species occur in the 
superficial efflorescences of sodaic areas. Among the sulphates, only the appearance of 
thenardite is certain (XRD G240) at present; it forms white, flour-like disseminations. 
4. SECONDARY MINERALS, OCCURRING IN METAMORPHIC ROCKS (IN THE 
SURROUNDINGS OF DISSEMINATED SULPHIDES) 
Jarosite was found in numerous outcrops, in the fissures of the metamorphic rocks of 
the Sopron Mountains. The conditions of the formation of this jarosite are completely the 
same as the above listed ones; it is mainly connected to the pyrite zones. Jarosite of the 
gneiss quarry of Kő Hill in Kópháza is remarkable; it occurs in large amounts together 
with goethite in the outcrops of the gneiss, close to the surface (KISHÁZI & IVANCSICS, 
1977). The ocher-brown, yellow jarosite forms 1-3 mm thick incrustations or dust-like 
aggregations on the walls of the fissures in the gneiss. It appears the goethite as well, 
forming olive-green, 0.1-0.2 mm thick crusts. In this jarosite, phosphor was also detected 
by EDX. The ratio of the sulphur and phosphor is 3:1 by semi-quantitative microprobe 
analysis. As it can be seen on the SEM images, the olive-green crust consists of 15-35 
(im-sized thin-tabular crystals. Gypsum occurs in the cracks of the goethite residuum, 
forming 1-2 mm long, acicular crystals. A nearly 2 cm-sized sulphide nodule was found 
once in the quartz vein of the gneiss. According to the microprobe and ore microscopic 
investigations, this nodule consists of stibnite, pyrite, chalcopyrite, galena and marcasite. 
Goethite and anglesite were found as secondary minerals on the border of the sulphides. 
A small amount of gypsum and jarosite were found by us in the fissures of the 
weathered, - secondary iron oxide-rich - serpentinite, which borders the talk deposit of 
Felsőcsatár. Malachite and azurite also occur in this mineral assemblage. 
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1-2 mm long gypsum crystals appear in large amounts in the old schist quarry of 
Kisgyor, Bttkk Mountains, on the cleavage surfaces of the clay schist that contains 
disseminated pyrite. Gypsum, sometimes together with jarosite, occurs frequently in 
similar structure; in the other clay schist outcrops of the Biikk Mountains. White and 
colourless incrustations and botryoidal aggregates of epsomite and pickeringite (XRD, 
A69) appear together with yellow, dust-like dissemination of jarosite on the clay schist 
walls of the abandoned Heinrich adit, near Dedestapolcsany. 
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Secondary sulphate parageneses from Hungary 
(mineral species written by italics are the new informations) 
TABLE 9. 
I. Sulphide ore deposits 
VELENCE MTS. 
Szabadbattyán (Kiss, 1951) 
anglesite, fornacite, gypsum, jarosite 
Pátka, Kőrakás Hill, Szűzvár Mill (Kaszanitzky, 
1959) 
gypsum, jarosite 
Sukoró, Ördög Hill 
gypsum, jarosite 
Nadap, Nadap adit 
gypsum, jarosite 
Nadap, Likas-kő Hill 
jarosite, plumbojarosite 
BÖRZSÖNY MTS. 
Nagybörzsöny (Nagy: in Koch, 1985) • 
alunogen, anglesite, chalcanthite, copiapite, epsomite, gypsum, goslarite, jarosite, melanterite, rozenite, 
römerite, siderotil, szomolnokite, voltaite 
Márianosztra, Nagyirtáspuszta (Nagy, 1990) 
epsomite, gypsum, melanterite, rozenite 
CSERHAT MTS. 
Salgótarján, Karaites Hill 
gypsum, jarosite 
MÁTRA MTS. 
Gyöngyösoroszi, Mátraszentimre (Nagy, 1986) 
anglesite, goslarite, gypsum, halotrichite, 
jarosite, melanterite, rozcniic, Ihenardite 
Gyöngyösoroszi-Károlytáró 
anglesite, gypsum, jarosite 
Gyöngyössolymos, Névtelen-bérc adit 
devilline, gypsum, jarosite 
Parádsasvár, Béke adit 
devilline, gypsum, jarosite 
Parád-Parádfürdő, Hegyes Hill (Nagy, 1985) 
gypsum, halotrichite, jarosite, melanterite 
Parád-Parádfürdő, Vaskapu adit (Szakáll & 
Földvári, 1994) 
gypsum, jarosite 
Parád-Parádfürdő, Orczy adit 
gypsum, jarosite 
Parád-Parádfürdő, Hosszú-bérc open pit (Szakáll 
& Földvári, 1994) 
gypsum, jarosite 
Parád-Parádfürdő, Egyesség adit 
coquimbite, gypsum, halotrichite, jarosite 
Recsk, Lahóca Hill (Koch, 1985) 
brochantite, chalcanthite, copiapite, 
coquimbite, gypsum, halotrichite, jarosite, 
kalinite, mendozite, szomolnokite 
Recsk, - 7 0 0 m and - 9 0 0 m level (Kiss & Jánosi, 
1993) 
blödite, bonattite, brochantite, chalcanthite, 
epsomite, gypsum, sideronatrite, siderotil, 
thenardite 
RUDABÁNYA MTS. 
Rudabánya (Koch, 1985; Nagy, 1982; Szakáll, 1992) 
anglesite, antlerite, barite, botryogen, brochantite, chalcanthite, copiapite, devilline, epsomite, fibroferrite, 
gypsum, halotrichite, hexahydrite.yarojiie, linarite, magnesiocopiapite, melanterite, plumbojarosite, 
posnjakite, rozenite, serpierite, siderotil, slavikite, starkeyite, szomolnokite 
Martonyi 
gypsum, jarosite, posnjakite 
TOKAJ MTS. 
Telkibánya (Széky-Fux, 1970; Szakáll et al., 1994) 
alunogen, anglesite, gypsum, halotrichite, jarosite, melanterite, plumbojarosite 
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II. Magmatic rocks 
BAKONY MTS. 
Badacsonytördemic (Mauritz, 1958) 
gypsum 
VELENCE MTS. 
Velence, Gécsi Hill (Erdélyi & Tolnai, 1954) 
jarosite 
BÖRZSÖNY 
Márianosztra, Medres stream, andesite quarry 
gypsum 
CSERHÁT MTS. 
Karancsberény, Homorú Hill, andesite quarry 
gypsum, jarosite 
MÁTRA MTS. 
Recsk, Csákány-kő Hill, andesite quarry 
gypsum 
Parádsasvár, Rudolftanya, andesite quarry 
gypsum, halotrichite, jarosite 
Parádsasvár, Nagylápa-fö, andesite quarry 
gypsum, jarosite 
BÜKK MTS. 
Bükkszentlászló, Messzelátó Hill 
jarosite 
TOKAJ MTS. 
Kéked (Koch, 1985, Szakáll et al., 1994) 
jarosite, melanterite, rozenite 
Tállya (Tokody, 1965) 
epsomite, hexahydrite, gypsum, jarosite, 
pickeringite 
Regéc, Torintás (Szakáll, 1992) 
gypsum, jarosite 
Tolcsva, Tér Hill 
jarosite 
Komlóska, Bolhás Hill 
gypsum 
GREAT HUNGARIAN PLAIN 
Tarpa (Kulcsár, 1976) 
gypsum 
III. Sedimentary rocks 
111.1. Manganese deposits 
BAKONY MTS. 
Úrkút (Koch, 1985) 
bassanite, gypsum, jarosite 
111.2. Uranium deposits 
MECSEK MTS. 
Kővágószölös (Vincze: in Koch, 1985) 
gypsum, jarosite, thenardite, uranopilite, zippeite 
Sámsonháza (Szakáll, 1992) 
gypsum 
Kisnina, H4ts6-Tarn6ca stream, andesite quarry 
gypsum, szomolnokite 
GyOngyOssolymos, Kis Hill, rhyolite quarry 
jarosite 
Abaújszántó, Súlyom Hill, Süveges Hill 
jarosite 
Gönc, Fenyő-kö Hill, rhyolite quarry 
jarosite 
Rátka, Hercegköves, limnoquartzite quarry 
copiapite, rozenite, szomolnokite 
Erdőbénye, Erdőbényefilrdő (Földvári, 1942) 
gypsum, jarosite 
Telkibánya, Fehér Hill and Király Hill (Szakáll et 
al., 1994) 
jarosite 




Badacsonyörs (Majoros, 1960) 
gypsum, zippeite 
BÜKK MTS. 
Nagyvisnyó (Vincze & Selmeczi, 1976-1980) 
anglesite, gypsum, jarosite 
III. 3. Bauxite deposits 
BAKONY, VÉRTES AND GERECSE MTS. 
Eplény, Gánt, Iszkaszentgyörgy, Nagyegyháza, Nyirád, Szőc, etc. (Bárdossy: in Koch, 1985) 
aluminite, alunite, alunogen, anhydrite, barite, basaluminite, bassanite, celestite, gypsum, jarosite, 
melanterite, parabutlerite, rozenite, szomolnokite 
III. 4. Phosphate deposits 
UPPONY MTS. 
Dédestapolcsány, Nekézseny (Elsholtz, Selmecziné Antal & Selmeczi, 1969) 
gypsum, jarosite 
III. 5. Coal deposits 
SOPRON MTS. 
Sopron-Brennbergbánya, Hermes shaft 
gypsum, jarosite, rozenite 
MECSEK MTS. 
Komló (Noske-Fazekas & Nagy-Melles, 1969) Hidas (Noske-Fazekas & Nagy-Melles, 1969) 
alunogen, gypsum, halotrichite, jarosite, gypsum, jarosite, melanterite, rozenite 
melanterite, rozenite, szomolnokite 
Pécs (Noske-Fazekas & Nagy-Melles, 1969) 
gypsum, jarosite, melanterite, rozenite, 
szomolnokite 
BAKONY MTS. 







Tatabánya (Koch, 1985) 
alunite, cpsomite, gypsum, halotrichite, 
jarosite, melanterite, rozenite 




Tokod (Koch, 1985; Papp, 1990) 
alunogen, gypsum, epsomite, halotrichite, 
hydronium jarosite, melanterite, natrojarosite, 
tschermigite 
Várpalota, Inota-puszta 
anhydrite, gypsum, jarosite, mascagnite, 
rozenite 
Mogyorósbánya, open pit 
aluminite, gypsum, jarosite, rozenite, 
tschermigite 
Bajna, Hantos-puszta, open pit 
aluminite, gypsum, jarosite, rozenite 
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VERTES MTS. 
Pusztavám, coal mine 
gypsum, jarosite 
VISEGRÁD MTS. 
Esztergom, Lencse Hill, coal mine 
gypsum, jarosite, mascagnite, melanterite, rozenite 
BÖRZSÖNY MTS. 
Verőce, Katalin Valley 
gypsum, jarosite 
CSERHÁT MTS. 
Kosd (Jugovics, 1915) 
gypsum, jarosite 
Bátonyterenye, Szoros stream shaft (Szakáll, 
1992) 
gypsum, jarosite, sodium alum, thenardite 
MÁTRA MTS. 
Visonta, lignite open pits 
gypsum, jarosite 
BÜKK MTS. 
Btlkkábrány, lignite open pits 
gypsum, jarosite 
Edelény, Edelény shaft 
gypsum, jarosite 
Egercsehi 
alunogen, copiapite, gypsum, halotrichite, 
jarosite, rozenite, tamarugite 
Ormosbánya, Ormos shaft 
barite, gypsum, halotrichite, hexahydrite, 
letovicite, mascagnite 




Kurityán, Fekete Valley shaft 
gypsum, hexahydrite, jarosite 
III. 6. Clays (gypsum) 
Sopron, Arany Hill, clay mine 
Vasvár 
Balatonszentgyörgy, clay mine 
Szántód, clay mine 
Szólád 
Nemesvita (Koch, 1985) 
Noszlop (Koch, 1871) 
Csákvár 
Gánt (Toborffy, 1910) 





Budapest-Kelenföld (Szontagh, 1882) 
Budapest, Bohn clay mine (Brummer, 1937) 
Bátonyterenye, Kányáspuszta shaft (Szakáll, 
1992) 
gypsum, jarosite 
Miskolc-Lyukóbánya, Lyukó shaft 
alunogen, anhydrite, gypsum, halotrichite, 
hexahydrite, jarosite, koktaite, mascagnite, 
millosevichite, rozenite, voltaite 
Múcsony, Szeles shaft 
gypsum, halotrichite, jarosite, mascagnite 
Putnok, Putnok shaft 
alunogen, gypsum, hexahydrite, jarosite 
Radostyán, open pit 
gypsum, hexahydrite, jarosite, pickeringite, 
starkeyite 
Radostyán, old dumps 
gypsum, rozenite 
Szarvaskő, Keselyű-bérc shaft 
gypsum, jarosite, starkeyite 
Budapest, United Brick Factory, clay mine 
(Brummer, 1937) 
Budapest, Péter Hill (Schafarzik,1913) 
Pilisszentkereszt (Schafarzik, 1884) 
Lábatlan 
Érd (Földvári, 1929) 




Szurdokpüspöki (Bárdossy & Hajós, 1963) 
Eger, Wind clay mine 
Sajóvelezd 
Alsótelekes, gypsum open pit (Miklós, 1987) 
Alsódobsza (Hoffer,1956) 
Szikszó (Fábián & Gimesi, 1937) 
Imola (Vitális, 1922) 
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Szarvas (Szakáll, 1994) 
Mezőtúr (Pechácsek-Seres, 1990) 
Dévaványa (Pechácsek-Seres, 1990) 
III. 7. Other sedimentary rocks 
BAKONY MTS. 
Rezi, Kotyor stream 
gypsum, jarosiíe, halotrichite, melanterite, 
rozenite, voltaiíe 
Kisújszállás (Szónoky, 1990) 
Szeged (Koch, 1985) 
Lesenceistvánd (Kozák et al., 1985; Viczián et al., 
1986) 
copiapite, gypsum, halotrichite, jarosite, 
melanterite, rhomboclase, rozenite, voltaiíe 
BUDA MTS. 
Budapest, Mátyás Hill (Koch, 1985) 
gypsum 
Budapest, Kis-Sváb Hill (Koch, 1985) 
gypsum 
CSERHÁT MTS. 
Vác, Naszály Hill 
gypsum 
Felsőpetény (Kákay-Szabó, 1992) 
gypsum, halotrichite, jarosite, melanterite, 
rozenite, starkeyite 
BÜKK MTS. 
Miskolc-Diósgyőr, Mexikó Valley, limestone quarry 
melanterite, rozenite 
Budapest, Tündér Hill (Nagy, 1979) 
epsomite, gypsum, hexahydrite 
Budapest, Gellért Hill (Schmidt, 1900) 
gypsum 
Keszeg (Szakáll, 1992) 
gypsum, halotrichite, rozenite 
Bátonyterenye (Mauritz, 1958) 
gypsum, melanterite 
CSEREHAT MTS. 
Gadna, Irota (Jámbor, 
jarosite 
1960) 
GREAT HUNGARIAN PLAIN 
Kecskemét, Úri Hill 
thenardite 
IV. Metamorphic rocks 
SOPRON MTS. 
Kópháza, Kő Hill, quarry (Kisházi & Ivancsics, 
1977) 
anglesite, gypsum, jarosite 
Sopron, Gloriette, quarry 
jarosite 
KŐSZEG MTS. 












Dédestapolcsány, Heinrich adit 
epsomite, gypsum, jarosite, pickeringite 
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TABLE 2. 
X-ray powder diffraction data of fornacite from Szabadbattyan 
Fornacite, Szabadbattyfln Fornacite, JCPDS 15-200 
d ( A ) I d ( A ) 1 
8.23 vw 8.22 50 
4.81 s 4.80 90 
4.49 vw 4.48 30 
4.12 mw 4.12 30 
4.03 w 4.00 50 
3.92 30 
3.71 m 3.71 50 
3.41 vw 3.45 30 
3.38 50 
3.32 vs 3.31 100 
3.17 mw 3.18 50 
3.02 m 3.06 30 
2.979 m 2.98 100 
2.922 m 2.88 100 
2.805 ms 2.80 100 
2.74 30 
2.722 ms 2.71 90 
2.614 w* 2.62 30 
2.58 30 








2.092 mw 2.08 30 
2.060 w 2.05 50 
2.006 w 2.00 50 
Dept. of Geology, University of Modena. 
Symbols: vs=very strong, s=strong, m=medium, mw=medium weak, w=weak, vw=very weak, *=broad 
TABLE 9. 
X-ray powder diffraction data of siderotil from Nagybörzsöny 
Siderotil, Nagybörzsöny Siderotil, JCPDS 22-357 
d(A) I d(A) I 
10.5 5 
5.72 30 ' 5.73 50 
5.56 35 5.57 60 
5.06 15 5.07 20 
4.88 100 4.89 100 
4.56 2 4.57 10 
4.35 4 4.35 10 
4.04 2 4.04 5 
3.89 20 3.90 30 
3.69 40 3.73 80 
3.43 80 3.44 20 
3.27 30 3.29 10 
3.20 30 3.21 40 
3.08 35 3.07 20 
2.93 30 2.92 40 
2.86 15 2.86 20 
2.77 15 2.76 20 
2.71 20 2.72 30 
2.66 35 2.68 40 
2.61 5 
2.56 20 2.57 10 
2.51 30 2.52 5 
2.49 5 
2.42 10 2.44 30 
Dept. of Mineralogy, Eötvös L. University, Budapest. 
TABLE 4 . 
X-ray powder diffraction data of antlerite from Rudabánya 
Antlerite, Rudabánya Antlerite, JCPDS 7-407 
d(A) I d(A) I 
6.81 7 6.8 12 
6.02 21 6.01 25 
5.42 31 5.40 25 
4.86 66 4.86 100 
4.52 10 
4.13 7 4.13 8 
3.78 14 3.79 16 
3.60 52 3.60 75 
3.40 24 3.40 10 
3.34 34 3.34 10 
3.10 21 3.09 16 
2.99 14 3.00 18 
2.762 12 
2.698 10 
2.688 69 2.683 75 
2.570 100 2.566 85 
Dept. of Mineralogy, Eötvös L. University, Budapest 
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X-ray powder diffraction data of linarite from Rudabânya. 
Linarite, Rudabànya Linarite, JCPDS 4-598 Other minerals 
d(A) I D(A) I 
4.84 7 4.82 20 » 
4.51 12 4.48 40 
4.25 ' 3 Q 
3.62 7 ? 
3.55 60 3.53 70 S 
3.34 15 Q 
3.15 25 3.12 100 
3.10 10 ? 
2.97 6 2.94 20 
2.82 4 2.81 10 
2.75 100 S 
2.70 5 2.68 10 
2.58 8 ? 
2.57 3 2.56 30 
2.45 3 Q 
2.39 3 . 2.39 10 
2.33 25 2.30 30 S 
2.26 6 2.24 30 Q 
2.18 7 ? 
2.16 6 2.16 40 
2.11 21 2.09 40 Q,s 
2.02 4 ? 
2.01 6 ? 
1.949 31 S 
1.831 5 ? 
1.814 6 ? 
1.795 5 1.79 60b 
1.778 14 1.76 10 S 
1.708 38 1.68 20 s 
ALUTERV-FKI, Budapest. Symbols: S=smithsonite, Q=quartz. 
X-ray powder diffraction data of posnjakite from Rudabánya 
Posnjakite Rudabânya Posnjakite, JCPDS 20-364 Other minerals 
D(A) I D(A) I 
6.95 35 6.94 100 
6.14 8 ? 
5.91 8 ? 
5.42 24 ? 
5.25 8 
5.15 4 
5.00 3 4.85 6 
4.77 4 
4.26 22 Q 
4.18 23 G 
3.59 i 3.74 2 
3.52 8 ? 
3.45 5 3.47 30 
3.34 100 3.33 6 Q 
3.13 . 38 3.23 4 P 
3.05 17 ? 
2.88 2 
2.79 2 
2.71 97 2.70 25 P 
2.58 5 2.61 16 
2.49 2 G . 
2.46 26 Q 
2.42 44 2.42 25 P 
2.39 8 Q 
2.34 28 2.33 12 
2.28 15 Q 
2.24 3 2.26 8 
2.21 43 P,Q 
2.13 5 Q 
2.02 46 2.01 12 
1.980 5 Q 
1.963 5 1.952 6 
1.913 47 P 
1.901 14 1.870 4 
1.814 12- Q 
1.757 4 G 
1.720 8 1.734 2 
1.690 4 G 
1.671 4 1.662 4 
1.633 48 1.616 2 P 
1.541 10 1.541 10 
Dept. of Mineralogy, Eötvös L. University, Budapest. 
Symbols: G=goethite, Q=quaitz, P=pyrite. 
TABLE 2. 
X-ray powder diffraction data of serpierite from Rudabanya 
Serpierite Rudabanya Serpierite, JCPDS 22-0148 Devilline, JCPDS 22-231 Other minerals 
D(A) I D(A) 1 D(A) I 
10.19 70 10.20 100 10.22 100 
5.61 10 5.89 10 
5.09 54 5.09 80 5.08 95 
4.75 19 4.74 40 4.67 40 
4.37 10 4.40 10 
3.90 10 3.92 5 
3.69 24 3.53 20 3.73 40 +? 
3.39 48 3.39 80 3.38 80 
3.17 40 3.17 40 
2.94 100 3.01 10 3.01 5 +Ten 
2.83 10 2.87 5 
2.70 60 2.78 20 
2.65 60 2.65 60 
2.54 21 2.55 40 2.50 60 +Ten 
2.39 18 2.44 60 2.38 40 +Ten 
2.29 20 2.25 40 
2.23 5 2.21 20 
2.16 16 2.17 60 2.16 5 
Dept. of Mineralogy, Steierm8rkisches Landesmuseum Joanneum, Graz. Symbols: Ten=tennantite. 
• X-ray pówder diffraction data of sodium alum from Bátonyterenye 
Sodium alum, Bàtonyterenye Sodium álum JCPDS 1-397 Other minerals 
D(A) I . D(A) •1 
7.62 18 G 
4.24 100 4.23 100 
3.96 31 3.98 40 
3.76 10 G 
3.66 47 3.65 50 
3.34 26 Q 
3.17 10 3.15 8 
3.07 18 G 
3.04 7 3.05 6 
2.91 25 2.90 6 
2.82 4 G 
2.78 7 G 
2.71 11 2.72 12 
2.60 7 2.60 2 
2.46 13 2.47 8 Q 
2.33 5 2.32 6 
2.28 9 Q 
2.23 4 Q 
2.19 9 2.19 4 
2.12 4 •Q 
2.08 3 G 
2.03 4 2.04 2 
1.908 5 1.90 4 
1.882 4 G 
1.819 7 Q,G 
1.763 4 1.75 2 
1.703 6 1.69 2 
Dept. of Mineralogy, Eötvös L. University, Budapest. 
Symbols: G=goethite, Q=quartz. 
TABLE 10. 
X-ray powder diffraction data of letovicite, mascagnite and sal ammoniac from Ormosbânya 
Letovicite, Ormosbánya Letovicite, JCPDS 21-25 Other minerals 
D(A) I D(A) I 




4.94 50 4.95 100 





3.76 100 3.77 80 
3.38 75 3.39 75 
3.35 50 3.36 45 
3.12 M 
3.04 M 




2.516 15 2.518 25 
2.473 10 2.479 16 
2.317 M 
2.231 ? 2.232 18 S 
Dept. of Mineralogy, Eötvös L. University, Budapest. 
Symbols: S=sal ammoniac, M=mascagnite. 
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TABLE 10. 
X-ray powder diffraction data of voltaite from Rezi 
Voltaite, Rezi Voltaite, JCPDS 17-539 
D(A) I D(A) I 
9.66 ms 9.66 30 
7.79 m 7.92 10 
7.52 10 
6.73 m 6.79 30 
6.15 20 
5.57 s 5.57 70 
4.83 w 4.30 10 
4.12 m 4.11 10 
3.91 20 
3.75 vw 3.77 20 
3.64 w 3.63 20 
3.548 vs 3.54 100 
3.46 10 
3.41 vs 3.41 90 
' 3.35 10 
3.261 mw 3.21 20 
3.159 mw 3.15 30 
3.053 m 3.04 50 
2.99 10 
2.93 10 
2.867 ms 2.86 30 
2.801 vw 2.78 10 
2.714 vw 
2.637 mw 2.63 20 
Dept. of Geology, University of Modena. 
Symbols: vs=very strong, s=strong, m=medium, mw=medium weak, w=weak, vw=very weak, *=broad. 
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C A R P A T H I A N R E G I O N 
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Department of Mineralogy and Petrology 
Hungarian Natural History Museum 
ABSTRACT 
A historical study on the mineral species first described from the Carpathian region is written by the author. 
Main stages of the research history (first description, major changes in the status of the species, discreditation 
etc.) are reviewed on the basis of original publications. This paper is an extended and modified version of the 
preface to that study. After a brief survey of the previous works (regional and international) the geographical 
and mineralogical scope of this research is discussed. The most important problems of the topic are 
demonstrated with the examples of several mineral species. A list of valid mineral species first described from 
the Carpathian region is also given together with some statistical considerations based on this list. 
INTRODUCTION 
The Commission on Museums of the International Mineralogical Association (IMA 
CM) launched a project in 1978 to compile all mineral type specimens in an international 
catalogue (Catalogue of Type Mineral Specimens, CTMS). The project was run by H. J. 
ROSLER (Freiberg), later by H. A. STALDER (Bern). The search for type specimens raised 
the need for a systematic review of the mineral species first described from a given 
country. As a result of this international activity several papers related to this topic have 
been published recently (STALDER et al., 1994; DELIENS & STALDER, 1995; PETERSEN, 
1996; RAADE, 1996; STALDER et al., 1996). These kinds of studies fill a certain gap in the 
mineralogical literature, i. e. the lack of a comprehensive data collection on the discovery 
and research history of the mineral species. HINTZE'S Handbuch der Mineralogie was 
probably the last significant mineralogical textbook that gave detailed information on the 
history and synonymy of all known mineral species. The historical part of later reference 
works is usually not more than the bibliographical data of the original papers describing or 
redefining a given species. 
The collection of data of the CTMS is organised by countries, since the members of the 
IMA are the mineralogical associations of each country. Nevertheless papers on the 
history of mineral species are not always confined to present-day political boundaries. The 
list of mineral species first described from the former Soviet Union is compiled by Russian 
scientists (see STALDER et al., 1996), however, the type localities of about one-fourth of 
the reviewed species is outside of Russia. 
1 H-1431 Budapest, Pf.: 137 
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One has to face similar situation in the Carpathian region. The type localities of about 
three-fourth of the mineral species first described form here belonged to Hungary at the 
time of description. This ratio is even higher when the invalid names (species) are 
concerned. This heritage of the history, the fairly good availability of early mineralogical 
papers in Hungary and the personal interest made possible to create a comprehensive 
review on the history of the minerals first described from this geographical-geological 
unit. 
PREVIOUS PAPERS ON THIS FIELD 
KOCH (1926) wrote possibly the first, very short paper on the minerals first described 
from the territory of former (historical) Hungary. A more detailed review was published by 
ENZSEL & GAZDA (1978), a list of valid species was given by SZAKÁLL & GATTER (1993). 
Comprehensive reviews on (or lists of) the minerals first described from the present-day 
territory of Romania were published by MURE§AN et al. (1990), UDUBA$A et al. (1992), 
and NICOLESCU (1996). These papers have usually been written in local languages and 
even the most comprehensive ones are more or less incomplete both in geographical and 
mineralogical respect. Some of their data are inaccurate because reference books were 
frequently used as sources instead of original papers. 
THE GEOGRAPHICAL AND MINERALOGICAL SCOPE OF THIS RESEARCH 
The Carpathian area in geographical and geological sense traditionally comprise the 
Carpathian mountain arc stretching from the Danube near Bratislava till the Iron Gate 
again at the Danube, the mountains and Neogene basins on the inner, and the flysh and 
molasse zones on the outer side of the arc. The delimitation of the Carpathian area from 
the adjacent areas of the Alpian system (the Alps, Dinarides and Balkanides) show 
differences according to the different authors, but practically none of the important 
mineral localities is affected in this respect. E part of Austria, SE part of the Czech 
Republic arid Poland, the entire Slovakia and Hungary, SW part of the Ukraine, most of 
the territory of Romania and NE parts of the former Yugoslavia lie within the Carpathian 
area. The research covered all valid and invalid names first used for a mineral found in the 
discussed area (except for a few very old terms used in the 18th century). Our aim was to 
review the history (first description, major changes in the status of the species, 
discreditation etc.) of these minerals. The initial data set of our research was collected 
from the well-known reference works of DANA (1892), HINTZE (1897-1968), EMBREY & 
FULLER (1980) and CLARK (1993), some of the papers quoted above was also used. 
During the research we made every effort to reach back to the original publications, 
especially those containing the first description of a mineral. This study is purely historical 
in character, however, data regarding the status of a few species were taken from other 
unpublished experimental studies of the author. 
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EXPERIENCES WITH INTERNATIONAL REFERENCE WORKS 
The ultimate aim of our work is to provide detailed information on the research history 
of the minerals first described from the Carpathian region, as mentioned above. However, 
in most cases one has to begin with the amendment of the basic data published in 
international reference books. 
Two kinds of frequent errors are found in these books. In the first case the type locality 
(hereafter abbreviated as TL) itself is wrong: e.g. N I C K E L & N I C H O L S (1991) gives 
Alabanda, Caria, Turkey as TL of alabandite and Oruro, Bolivia as TL of andorite, 
whereas the true TLs are Sácárámb (former Nagyág), Transylvania, Romania and Baia 
Sprie (former Felsőbánya), Romania, respectively. 
In the other case, which is by far the most frequent, the problems stem from the name 
of the TL. It is usually derived from a previous reference work or from the original 
description of the mineral. Because of the drastic territorial changes these names are 
frequently obsolete ones, so the identification of the actual name and its localisation may 
cause problems. We show only one example to this type of errors; in this case the same TL 
(Nagybörzsöny '[former Deutschpilsen], Börzsöny Mts., Hungary) is misnamed and/or 
misplaced in different countries: 
- „Plseft (Pilsen), Czechoslovakia" (p. 166 in N I C K E L & N I C H O L S , 1991) 
- „Deutsch-Pilsen, Germany" (p. 85 in c l a r k , 1993) 
- „Deutsch-Pilsen (=Borszony), Hungary" (p. 747 in c l a r k , 1993) 
TYPE LOCALITY AND FIRST DESCRIPTION OF A SPECIES - CASE STUDIES 
For the discussion of the history of the minerals first described from the Carpathian 
region, first we have to answer the apparently simple question: which is the first 
description of a given species? It is a frequent problem in the case of „old" minerals, i.e. 
those species that had already been known before they got their recently used name. To 
diminish the role of subjectivity, the appropriate parts of D A N A ' S (1892) rules on priority 
(Introduction, IV. Nomenclature, 13. Limitations of the Law of Priority, points c., d., and 
f.) have, been applied in these cases. Accordingly, one can regard the earliest account on 
the mineral as the first description of a valid species is, unless 
1. „a name is put forth without a description"; 
2. „the description is so incorrect that a recognition of the mineral by means of it is 
impossible (...)"; 
3. „a name has been lost sight of and has found no one to assert its claim for a period 
of more than fifty years; especially if the later name adopted for the species has become 
intimately incorporated with structure of the science or with the nomenclature of rocks." 
The examples of different cases are as follows: 
Case 1. Both the oldest description and the recently used name refer to a mineraLfrom 
the Carpathian region: 1.1. nagyâgite, 1.2. tellurite. 
Case 2. The oldest description is from the Carpathian region, but the recently used 
name was originally applied to a mineral from another locality: 2.1. alabandite, 2.2. 
rhodonite, 2.3. bournonite, 2.4. tremolite. 
67 
Case 3. The recently used name was originally applied to a mineral from a locality in 
the Carpathian region, however, the mineral was first mentioned from another (or 
unknown) locality: 3.1. rhodochrosite, 3.2. hemimorphite (special case). 
Case 4. Simultaneous description from two localities: 4.1. krautite, 4.2. kotoite. 
Case 5. First description from a meteorite that fell or was found in the Carpathian 
region: 5.1. cohenite. 
Case 6. First description from an unknown or uncertain locality of the Carpathian 
region: 6.1. whewellite, 6.2. hörnesite. 
Detailed reviews of the history of the discussed species will be given by Papp (in 
prep.). 
Case J. Both the oldest description and the recently used name refer to a mineral from 
the Carpathian region. 
Example 1: nagyágite 
Latest TL data: „Sácaramb (Nagyág), Transylvania, Romania" (NICKEL & NICHOLS, 
1991), „Nagyag, Transylvania, Romania" (CLARK, 1993) 
HAIDINGER (1845)* is mentioned as the author of nagyágite in handbooks that have no 
lists of synonyms, like that of STRUNZ (1982) or NICKEL & NICHOLS (1991). Actually 
HAIDINGER only introduced the recently used name (without any further investigation of 
the mineral). In other manuals like that of PALACHE et al. (1944) or HLNTZE (1904) one 
can find SCOPOLI and BORN (1772) as first describers of this mineral and the term Aurum 
Galena, Ferro, et particulis volatilibus mineralisatum as the oldest denomination of the 
mineral. The very first author, who published analytical data on the later nagyágite was 
really SCOPOLI (1769) who named it Minera aurifera Nagyayense [sic]. The very first -
though rather vague - reference to the mineral, however, is a little bit earlier. 
FRIDVALSZKY (1767) wrote in his Transylvanian Mineralogy that „at Nagyág a miraculous 
sort of mineral is found, which resembles the pure or slightly argentiferous antimony, but 
it is much heavier and having placed in fire, following the volatilisation of the antimony, 
gives some silver and a great amount of gold". 
One can debate whether FRIDVALSZKY or SCOPOLI is the discoverer of nagyágite, but 
the TL is undoubtedly Nagyág (now Sácárámb in Transylvania, Romania), whoever the 
first describer was. 
Example 2: tellurite 
Latest TL data: none (Nickel & Nichols, 1991), „Sibenburgen, Transylvania, 
Romania" (CLARK, 1 9 9 3 ) 
NLCOL (1849) is given as the author of tellurite by STRUNZ (1982) or NICKEL & 
NICHOLS (1991). As a matter of fact this term was used first by HAIDINGER (1845) for the 
mineral described by PETZ (1842) without locality data (but obviously from the present 
Fata B3ii, cf. HAIDINGER, 1845) as „tellurige Saure" (cf. CLARK, 1993). Tellurite formed 
finely striated, yellowish white spherules. Long before this paper STÜTZ (1803) already 
observed very small, wax-yellow, glassy, translucent, radiating nodules in tellurium ore 
from Sigismundi Mine at „Faczebaia". He supposed the mineral to be a „sparry tellurium". 
However, the oldest data to the mineral is published by ESMARK (1798), who found in the 
* For brevity the bibliographical data of the original papers quoted among the examples are omitted. 
same mine yellowish grey, translucent, elongated, six-sided platelets with adamantine 
lustre. Tellurium being unknown that time he considered it to be antimony ocher. 
Again the TL is Facebánya near Zalatna (now Fa{a Baii near Zlatna), in Transylvania, 
Romania, whoever the first describer was. 
Case 2. The oldest description is from the Carpathian region, but the recently used 
name was originally applied to a mineral from another locality. 
Example 1: alabandite 
Lates t T L data: „Alabanda , Car ia , T u r k e y " (NICKEL & NICHOLS, 1991), „Nagyag , 
(Transylvania), Romania" (CLARK, 1993) 
The first identifiable description (MOLLER, 1784) of the later alabandite, including 
simple physical and chemical tests, was based on specimens from Nagyág. MÜLLER named 
the mineral schwarze Blende. Further chemical studies on Nagyág samples were published 
by BINDHEIM (1784) , KLAPROTH (1802) and PROUST (1802) . In 1804 DEL RIO desc r ibed 
the mineral from Mexico (parish of Quezaltepeque) as alabandina sulfúrea. This later 
name was transformed to alabandine by BEUDANT (1832) who cited analytical data on 
specimens from Nagyág and gave the localities as follows: Nagyág, Mexico, Cornwall. 
In this case the TL must be Nagyág (now Säcärämb, Transylvania, Romania) according 
to the principle of priority. 
Example 2: rhodonite 
Lates t T L data: none (NICKEL & NICHOLS, 1991; Clark , 1993) 
The first quantitative analysis of the mineral was published by RUPRECHT (1783). He 
analysed the „reddish gangue or so-called feldspar" from Kapnikbánya (now Cavnic in 
Romania) known also as Kapniker Feldspath (feldspar from Kapnik). He regarded thé 
mineral as a quartz (or jasper) „penetrated" with manganese, however, others, like 
KARSTEN (1800) regarded it as distinct species. There was a lot of confusion between 
rhodonite and rhodochrosite (see below). The term rhodonite was first used by JASCHE 
(1819) to a mineral from Elbingerode (Harz Mts., Germany). 
TL should be Kapnikbánya (now Cavnic in Romania) according to the principle of 
priority. 
Example 3: bournonite 
Latest TL data: „Wheal Boys, Endellion, Cornwall, England" (NICKEL & NICHOLS, 
1991); „Huel (=Wheal) Boys, Endellion, Cornwall, England" (CLARK, 1993) 
Bournonite is generally known to has been described and depicted first as „ore of 
a n t i m o n y " by RASHLEIGH (1797) from Cornwal l ; its recent n a m e was g iven by JAMESON 
(1805) . 
Nevertheless this mineral was described a few years before from Kapnikbánya (now 
Cavnic in Romania) as well. FLCHTEL (1791) mentioned a variety of Weisgülden (silver-
containing fahlore) from „Kapnik" forming small, short, lengthways striated cylinders of 
plate-like discs with cut or striated rim. Earlier FERBER (1789) also described a 
Weissgiilden specimen from „Kapnick" as prisms that are striated on their opposite sides, 
like the cog-wheels of a cylindrical pocket-watch. 
Although ESMARK (1798) citing FlCHTEL also supplied a detailed morphological 
description o f this „curiously crystallized" Fahlerz, the contemporary scientists obviously 
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overlooked these early observations, thus one cannot regard Kapnik as the TL of 
bournonite. 
Example 4: tremolite 
Latest TL data: „Tremola valley, St. Gotthard, Switzerland" (NICKEL & NICHOLS, 
1991), „Val Tremola, St. Gotthard, Switzerland" (CLARK, 1993) 
According to the available reference works tremolite was named by PINI in DE 
SAUSSURE (1796) after Val Tremola in Switzerland, however, 5 years before FLCHTEL 
(1791) already raised objections against this name in a footnote of his book proposing the 
term schebeschit(e) instead. Schebeschite corresponds to his earlier Säulenspath or 
Sternspath (FLCHTEL, 1782) that he found at „Unter-Schebesch" (OItalsósebes, now 
Sebe§u de Jos in Romania). The detailed description of these varieties was published 
together with two chemical analyses of BINDHEIM. These observations were quickly 
forgotten, and DANA (1892), HINTZE (1897), CLARK (1993), etc. mention only sebesite of 
BREITHAUPT (1847) what refers to the same mineral from the same locality. Curiously 
enough, Val Tremola is also questionable as real TL, because, according to HLNTZE 
(1897), tremolite is not found in Tremola valley itself but in the Campolungo area some 20 
km SE from there. 
Case 3. The recently used name was (or thought to have been) originally applied to a 
mineral from a locality in the Carpathian region, however, the mineral was first 
mentionedfrom another (or unknown) locality. 
Example 1: rhodochrosite 
Latest TL data: none (NICKEL & NICHOLS, 1991), „Kapnik, Siebenbürgen, Transylva-
nia, Romania" (CLARK, 1993) 
The first reference to this mineral is usually attributed to BERGMAN (1782), who used 
the term Magnesium acido aereo mineralisatum without any description or locality data 
( see e.g. DANA, 1892; or HINTZE, 1927) . It is to be no ted , h o w e v e r , tha t BERGMAN ( 1 7 8 0 ) 
already described magnesium aératum as the matrix of minera Nagyayensis (nagyágite). 
Rhodochrosite from Nagyág (now Säcärämb in Romania) was described later in details by 
FlCHTEL (1794). His and others' observations were published together with RUPRECHT'S 
analytical data of rhodonite (see above) by LENZ (1794). This confusion between 
manganese silicate and carbonate lasted for decades. The new term rhodochrosite was 
introduced by HAUSMANN (1813) referring to the results of the first correct quantitative 
analysis made by LAMPADIUS (1800) on a specimen from Kapnik (now Cavnic in 
Romania). 
TL should be Nagyág (now Säcärämb in Romania) according to the principle of 
prioity. 
- Example 2: hemimorphite 
Latest TL data: none (NICKEL & NICHOLS, 1991), „Rezbanya, Hungary" (CLARK, 
1993) 
The confusion with zinc silicate and carbonate was as complete as with manganese 
silicate and carbonate for a long time. The ambiguity began in the antiquity: Cadmia of 
Pliny corresponds to hemimorphite and smithsonite as well (and also to ZnO). The first 
rough quantitative chemical analysis of the two kinds of native calamine was published by 
BERGMAN (1780). The silicate he examined was a lapis calaminaris hungaricus, i.e. a 
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specimen from Hungary (without closer locality data). The first accurate comparative 
chemical analysis of the later hemimorphite and smithsonite was published by Smithson 
(1803). The electric calamine (i.e. hemimorphite) he studied had come from Rézbánya, 
Hungary (now Bái^a [Bihor] in Romania). Hemimorphite name was introduced only in 
1853 by kenngott without further studies and without referring to a locality. 
In this case the TL is not determinable. 
Case 4. Simultaneous description from two localities 
Example 1: krautite 
Latest TL data: „Cavnic, Crisana-Maramures, Romania" ( n i c k e l & n i c h o l s , 1991), 
„Nagyag (Sacaramb) and Kapnik (Cavnic), Transylvania, Romania" ( c l a r k , 1993) 
Krautite was described by f o n t a n et al. (1975) using specimens both from Sácárámb 
(former Nagyág) and Cavnic (former Kapnikbánya), however, only Sácárámb was 
designated as TL („type deposit") by the authors. 
Example 2: kotoite 
Latest TL data: „Hol Kol Gold Mine, Wall Rock of „New Ore Body", Suan, Korea" 
( n i c k e l & n i c h o l s , 1991), „Hol Kol mine, Suan Co., Korea" ( C l a r k , 1993) 
The new mineral was first found by Watanabe in specimens from Hoi Kol gold mine 
near Suan, Korea (now in PRK). At the same time he recognised it in a szaibelyite-
containing marble from Rézbánya (Báita [Bihor] in Romania) as well. Results of 
investigation of kotoite from both localities were reported together. TL was not designated 
explicitly by Watanabe, but he obviously regarded Hoi Kol as TL (see especially author's 
abstract in Fortschr. Min. Krist. Petr., vol. 23, cxlvi-cxlvii). 
Case 5. First description from a meteorite that fell or was found in the Carpathian 
region 
Example: cohenite 
Latest TL data: „Uivfaq, Disko, Greenland" ( N i c k e l & n i c h o l s , 1991) , „first 
observed in the Arva iron" (Clark, 1993) 
Cohenite was described by w e i n s c h e n k ( 1 8 8 9 ) from the so-called Arva or Magura 
meteorite that had been found in 1840 hear Szlanica in the Árvai-Magura Mts. (now 
Slanická Osada in Oravská Magura Mts., Slovakia). 
Case 6. First description from an unknown or uncertain locality of the Carpathian 
region 
Example 1: whewellite 
Latest TL data: „Havre (near), Montana, U S A " ( n i c k e l & n i c h o l s , 1991) , „un-
known" (C l ark , 1993) 
Whewellite was described by Brooke (1840) from a specimen that was supposed to 
had been found in Hungary. Accepting this supposition the most probable locality of the 
mineral is Cavnic (former Kapnikbánya) where several big whewellite crystals were found 
in this century. 
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Example 2: hornesite 
Latest TL data: „Oravita (Oravicza), Banat, Romania" (NICKEL & NICHOLS, 1991), 
„Banat, Hungary" (CLARK, 1993) 
Hornesite was described by HAIDINGER (1859, 1860) and KENNGOTT (1860) from a 
museum specimen that had earlier been purchased from the collection of VON NULL (or 
NULL). According to the catalogue of this collection (MOHS, 1804) the specimen came 
from an unspecified mine in the Banat. KENNGOTT (in HAIDINGER, 1860) supposed 
„Oravitza" (now Oravifa in Romania) as locality on the basis of the garnet crystals grown 
in the accompanying calcite. One has to remark, however, that this paragenesis in not 
uncommon in other localities of the Banat as well. 
STATISTICAL CONSIDERATIONS 
The number of the species (more than 50, Table 1) allows us to make some statistical 
considerations. 
Regarding the distribution of species among mineral classes (Fig. 1), the predominance 
of elements (incl. some meteoritic minerals) and sulphides and their alteration products 
(sulphates and phosphates, incl. arsenates) is striking. This fact evidently corresponds to 
the character of the most important ore occurrences mined in the last centuries, i.e. 
hydrothermal vein- or stockwork-type deposits with non-ferrous metals and gold; the 
importance of skarn-related deposits is demonstrated by two borate species but these 
mines of course supplied new minerals belonging to other classes as well. The most 
„productive" localities of new species are SácSrámb (former Nagyág), 7; Baia Sprie 
(former Felsőbánya), 6; Báita [Bihor] (former Rézbánya), 4; L'ubietová (former 
Libetbánya/Libethen) and Smolnik (former Szomolnok/Schmöllnitz), 3 new species. 
The greatest number of new species from the Carpathian area was described by J. 
KRENNER (8). W. HAIDINGER is the most prominent „godfather"; he described two new 
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Fig. 1. Distribution of mineral species first described from the Carpathian area versus distribution of all 
species* among mineral classes (* percentages were counted on the basis of HOLZEL, 1990) 
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TABLE 1 Valid* mineral species first described from the Carpathian area 
species name c first described by in renamed by in type locality (recent name) type locality (former names) country 
alabandite 2 Müller von Reichenstein, F.J. 1784 Beudant, F.S. 1832 sacarsmb Nagyág ROM 
alloclasite 2 Tschermak, G. 1868 Oravita Montana Oravicabánya/Orawitza ROM 
andorite 2 Krenner, J. 1892 Baia Sprie Felsőbánya ROM 
ardealite 6 Schadler, J. 1931 Cioclovina cave Csoklovina ROM 
cohenite 1 Weinschenk, E. 1889 Slanick4 Osada (meteorite) Szlanica/Slaiiica SLK 
cyanotrichite 6 Werner, G.A. in Karsten, D.L.G. 1808 Glocker, E.F. 1839 Moldova NouS Újmoldova ROM 
dietrichite 6 Schröckinger, J. 1878 Baia Sprie Felsőbánya ROM 
euchroite 5 Breithaupt, A. 1823 Cubietovci Libetbánya/Libethen SLK 
evansite 5 Forbes, D. 1864 Zeleznik near Sirk Vashegy (nr Szirk) SLK 
felsőbányai te 6 Kenngott, A. 1853 Baia Sprie Felsőbánya ROM 
fizélyite 2 Krenner, J. & Loczka, J. 1913 Chiuzbaia Kisbánya ROM 
fíllöppite 2 Finäly, I. & Koch, S. 1929 Baia Mare Nagybánya ROM 
hauerite 2 Haidinger, W. 1847 Kalinka (part of Vigl'aSskS 
Huta-Kalinka) 
Végleskálnok/Kalinka SLK 
hodrushite 2 Kodira, M. et al. 1970 Banskii HodruSa (part of 
HodruSa-Himre) 
Hodrusbánya/Hodritsch SLK 
hörnesite 5 Kenngott, A. 1860 Haidinger, W. 1860 Banat Bánság ROM 
karpathite 9 Piotrovskiy, G.L. 1955 OjieHeBe (Oleneve) Szarvaskút/Olenovo UKR 
klebelsbergite 6 Zsivny, V. 1929 Baia Sprie Felsőbánya ROM 
koktaite 6 Sekanina, J. 1948 Zeravice u Kyjova - ¿eravice u Kyjova CZE 
kornelite 6 Krenner, J. 1888 Smolnik Szomolnok/Schmöllnitz SLK 
krautite 5 Fontan, F. et al. 1975 SacSramb Nagyág ROM 
krennerite 2 Krenner, J. 1877 vom Rath, G. 1877 SacarSmb Nagyág ROM 
libethenit 5 Leonhard, C.C. 1812 Breithaupt, A. 1823 Cubietova Libetbánya/Libethen SLK 
ludwigite 7 Tschermak, G. 1874 Ocna de Fier Vaskő/Moravicza ROM 
makovickyite 2 Zäk, L. et al. 1994 Bai|a (Bihor) Rézbánya ROM 
mátraite 2 Koch S. 1958 GyOngyOsoroszi Gyöngyösoroszi HUN 
merrihueite 4 Dodd, R.T. et al. 1965 Madara? (meteorite) Mezőmadaras/Madaras ROM 
monsmedite 6 Götz, A. et al. in: Manilici, V. 
et al. 
1965 Baia Sprie Felsőbánya ROM 
mrázekite 5 RidkoSil, T. et al. 1992 Lubietova Libetbánya/Libethen SLK 
muthmannite 2 Zambonini, F. 1911 SScSramb Nagyág ROM 
nagyágite 2 Scopoli, G. 1769 Haidinger, W. 1845 SacSramb Nagyág ROM 
species name c first described by in renamed by in type locality (recent name) type locality ( former names) count ry 
padéraite 2 Mumme, W.G. & Z&k, L. 1985 Báita (Bihor) Rézbánya ROM 
parajamesonite 2 Zsivny, V. & Näray-Szabö, 1. 1947 Herja mine (near Chiuzbaia) Herzsa-bánya (nr Kisbánya) ROM 
petzite 2 Petz, W. 1842 Haidinger, W. 1845 SácSrámb Nagyág ROM 
pilsenite 2 Born, I. 1790 Kenngott, A. 1853 Nagybörzsöny Nagybörzsöny/Deutschp i Isen HUN 
pseudobrookite 3 Koch A. 1878 Uroi Arany ROM 
rhodochrosite* 7 Bergman, T. 1780 Hausmann, J.F.L.* 1813 SácárSmb (*Cavnic) Nagyág (*Kapnikbánya) ROM 
rhodonite* 4 Ruprecht, A. 1783 Jasche, C.F.* in 
Germar, E.F. 
1819 Cavnic ( 'Elbingerode, GER) Kapnikbánya (*Elbingerode, 
GER) 
ROM 
rhomboclase 6 Krenner, J. 1891 Smolnik Szomolnok/Schmöllnitz SLK 
rozenite 6 Kubisz, J. 1960 Mt. Ornak and Rudki Mt. Ornak and Rudki POL 
rutile 3 Born, I. 1772 Werner, G.A. in 
Ludwig, C.F. 
1803 Revúca (?) Nagyrőce/Rauschenbach (?) SLK 
schafarzikite 3 Krenner, J. 1915 Pernek Pernek SLK 
schreibersite 1 Haidinger, W. 1847 Slanická Osada (meteorite) Szlanica/Slanica SLK 
semseyite 2 Krenner, J. 1881 Baia Sprie Felsőbánya ROM 
stützite 2 Schrauf, A. 1878 SScaramb? Nagyág? ROM 
sylvanite 2 Gerhard, C.A. 1786 Necker, L.A. 1835 Baia de Aries Aranyosbánya/Offenbánya ROM 
syngenite 6 Zepharovich, V. 1872 Kanyui (Kalush) Kalusz UKR 
szaibélyite 7 Peters, C. 1861 Báita (Bihor) Rézbánya ROM 
szmikite 6 Schröckinger, J. 1877 Baia Sprie Felsőbánya ROM 
szomolnokite 6 Krenner, J. 1891 Smolnik Szomolnok/Schmöllnitz SLK 
tellurite 3 Petz, W. 1842 Haidinger, W. 1845 Fata Báii near Zlatna Facebánya/Facebay (nr Zalatna) ROM 
tellurium 1 Müller von Reichenstein, F.J. 1785 Klaproth, M.H. 1802 Fata Baii near Zlatna Facebánya/Facebay (nr Zalatna) ROM 
tetradymite 2 Wehrle, A. 1830 Haidinger, W. 1831 ¿upkov Erdősurány/Zsubkó/Schubkau SLK 
vashegyite 5 Zimänyi, K. 1909 Zeleznik near Sirk Vashegy (nr Szirk) SLK 
veszelyite 5 Schrauf, A. 1874 Ocna de Fier Vaskő/Moravica ROM 
whewellite 9 Brooke, H.J. 1840 Brooke, H.J. & 
Miller, W.H. 
1852 Cavnic?? Kapnikbánya?? ROM?? 
wollastonite* 4 Stütz, A. 1793 Liman, J.* 1818 Ciclova Montana ("Capo di 
Bove, ITA) 
Csiklovabánya/Cziklowa. 
(*Capo di Bove, ITA) 
ROM 
* Generally accepted and officially not discredited species (before 1959); species approved by IMA CNMMN (after 1959). 
c: Mineral classes; 1: elements (incl. carbides, etc.), 2fsulphides (incl. tellurides, etc.), 3: oxides, 4: silicates, 5: phosphates (incl. arsenates), 6: sulphates, 7: borates, 
8: halides (none), 9: organic minerals 
the species was renamed using a specimen from another locality 
abbreviations: nr: near, CZE: Czech Rep., HUN: Hungary', POL: Pcland, ROM: Romania, SLK: Slovakia, UKR: Ukraine 
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M I N E R A L S O F H U N G A R Y , S T A T E O F T H E A R T I N 1 9 9 6 
SÄNDORJSZAKÄLL' 
1 Department of Mineralogy, Herman Otto Museum 
ABSTRACT 
After a historical introduction,and a discussion on the reliability of data and the documentation of samples 
a tabulated list of the mineral species described from Hungary is given. Species names are arranged 
alphabetically by classes (except for silicates, which are subdivided to subclasses). The species that were 
included in the second (1985) edition of Magyarország ásványai (Minerals of Hungary) of Sándor Koch 
(„KMH2 species") and the species that were not mentioned by this work (,,post-KMH2 species") are listed 
separately. Uncertain KMH2 species are given as an appendix to the list of the KMH2 species. Some 440 valid 
mineral species are known from Hungary at present. The number of the known species has nearly doubled in the 
last decade, the increase was especially high among the arsenates and halides. 
1. HISTORICAL INTRODUCTION 
The minerals of the present territory of Hungary was reviewed first by KOCH (1927) in 
a short paper. Later he published a monographical treatise of the minerals of Hungary. 
While the first edition of his monograph (KOCH, 1966) was entirely his work, the second 
edition (KOCH, 1985, referred here as KMH2) was edited by József Mezősi. 
In the 1980's two manuscript volumes of the „Mineralogical Encyclopaedia of 
Hungary" (PAPP & WEISZBURG, 1986; MOLNÁR & PAPP, 1990) were prepared by the staff 
of the Dept. of Mineralogy, Eötvös L. University (Budapest). This research brought 
forward a great deal of old, almost forgotten information; however, the real importance of 
these compilations was the critical review of the available data and the separate discussion 
of the uncertain descriptions. It is to be noted, that the most uncertain data were listed as 
well. 
In the last decade the number of mineral species of Hungary considerably increased, 
most of the new ones (,,post-KMH2 species") were mentioned first by SZAKÁLL & 
GATTER (1993). That book and this paper attempt to keep a critical approach similar to 
that of the „Mineralogical Encyclopaedia of Hungary". 
1 H-3525 Miskolc, Kossuth u. 13. 
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2. THE HUNGARIAN MINERAL SPECIES IN KMH2 AND TODAY 
2.1. REMARKS ON THE RELIABILITY OF DATA - „CERTAIN" AND 
„UNCERTAIN" SPECIES 
The reliability of the data on the presence of the different mineral species in Hungary is 
different. On one hand it depends on our knowledge on the specific mineral occurrence: 
the accuracy of the published descriptions, the quantity and quality of the experimental 
and other investigations, etc.; on the other it depends on the difficulties of the 
identification of the given species in general. It is impossible to establish exact and overall 
criteria for the reliability of the data, every judgement is unavoidably subjective. However, 
for every species it is necessary to draw a line somewhere to separate the certain and the 
uncertain (doubtful) occurrences. 
In this way we classified the KMH2 species into two categories: certain and uncertain 
(doubtful) ones, both groups are listed separately in this paper. The same principle was 
applied to the post-KMH2 species, but the uncertain ones are not listed here. The 
importance of this critical approach is demonstrated on two examples of the general use of 
uncertain data. 
In the 1950s lemon-yellow, pulverulent coatings were found on calcite crystals in 
prospecting adits near Parddsasv&r (Matra Mts.). This material was mentioned as 
greenockite in KMH2; however, it is not known what studies this statement is based on. It 
is still unclear whether the few (j.m-size Cd- and S-bearing aggregates in the coatings 
correspond to greenockite or hawleyite (or other??). In spite of the lack of any proof the 
mineral is regarded as greenockite by all Hungarian scientific and popular mineralogical 
books (it even appeared as greenockite on a postage-stamp). 
There is a similar situation with cervantite: it is mentioned in several older publications 
as an alteration product of stibnite from different Hungarian localities. Nevertheless, X-ray 
studies of such products proved the presence of other antimony oxide minerals but 
cervantite. This fact certainly does not exclude the existence of cervantite in Hungary; 
however, the earlier references has not been proven yet. 
Two kinds of uncertain species are distinguished here. One question-mark (?) denotes 
those KMH2 species that are first qualified as uncertain in this paper. In our opinion these 
species were published with insufficient (or without any) data. For example in some cases 
the published results made only possible the classification of the material into a mineral 
group instead of the usage of a species name. 
Two question-marks (??) denote those KMH2 species that were qualified as uncertain 
already in the original paper. These species were regarded as doubtful ones by the authors 
of the original paper. Hence, the double-queried species are more doubtful than the 
single-queried ones. 
2.2. REMARKS ON POST-KMH2 SPECIES 
Those minerals that were denoted in the KMH2 with group (or series) names 
(apophyllite, olivine, tourmaline, etc.) are omitted from this paper. Some of these minerals 
were re-examined and classified according to the existing international nomenclatural 
rules, and they are listed among the post-KMH2 species. 
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It is to be noted that some species are listed among the post-KMH2 species in spite of 
their publication predates 1985 (year of publication of KMH2), because they were not 
included in KMH2 for various reasons. 
2.3. REMARKS ON THE DOCUMENTATION OF THE SAMPLES 
During the compilation of the species lists we attempted the re-examination and 
classification of the uncertain species and those minerals that were originally described 
only on group level. In many cases the lack of the original (or at least equivalent) samples 
made this attempt impossible. Therefore it is strongly recommended that the authors 
should always send samples from scientifically interesting mineral species and parageneses 
to public collections. It is also highly desirable that all samples containing rare or 
previously unknown mineral species from Hungarian localities should also get into public 
collections. This is of essential importance in the case of unique, irreplaceable specimens. 
The importance of adequate documentation and preservation of even the smallest 
samples from unique specimens has already been recognised on international level. In 
some descriptive sciences only those publications are approved, whose object (material) is 
adequately documented, deposited and inventoried in a public collection. The survival of 
the samples in the sample collection of the researchers or of the researchers' institute is 
usually uncertain, and even in this case the inadequate specimen labelling used by the 
researchers frequently makes the specimen useless. 
For the demonstration of the importance of the adequate documentation and 
preservation of samples, the name of those Hungarian mineral species that are missing 
from the Hungarian public collections are printed in italics in our species list. Out of about 
440 Hungarian mineral species there is no sample of some 50 species in the Hungarian 
public mineral collections (according to their inventories). It is practically impossible to 
perform further studies on these species for lack of samples. (It is to be noted that the 
identification of the unpublished species listed in this paper is based on detailed studies on 
documented and inventoried samples, which are available for further research.) 
3. INTRODUCTION TO THE TABLES 
Species names are arranged alphabetically by classes (except for silicates, which are 
subdivided to subclasses). Only those species are included that are considered as valid 
species by relevant mineralogical handbooks (e.g. Fleischer & Mandarino, 1995; Nickel 
& Nichols, 1991) and the IMA CNMMN resolutions. In each class the species that were 
included in the second (1985) edition of Magyarország ásványai (Minerals of Hungary) of 
Sándor Koch are tabulated first („KMH2 species"). Uncertain KMH2 species are given as 
an appendix to this list. 
In each class a second list comprises the species that were not mentioned by Koch 
(1985), (,,post-KMH2 species"). Reference is always given to the first paper containing 
satisfactory data on the existence of the given species. In the case of unpublished species 
the author of the first unpublished study with reliable data and adequate sample 
documentation is quoted. 
According to these lists some 440 mineral species are known from Hungary at present. 
It can be stated that the number of the Hungarian species has considerably increased since 
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the publication of KMH2. The number of the species has nearly doubled, the increase was 
especially high among the arsenates and halides. 
NATIVE ELEMENTS 








Post-KMH2 Native Elements 
antimony (Nagy, 1986) 
cohenite (Buchwald, 1975) 
graphite (Árkai, Horváth & Tóth, 1981) 
haxonite (Buchwald, 1975) 




































kamacite (Mauritz, Hegedűs & Szelényi, 1953) 
moschellandsbergite (Szakáll & Kovács, 1995) 
schreibersite (Buchwald, 1975) 
silver (Szakáll & Kovács, 1995) 
















Uncertain species: ?berthierite, ?clausthalite, ??cubanite, ?famatinite, ??ferroselite, ?galenobismutite, 
??gersdorffite, ?greenockite, ??guanajuatite, ?hauchecornite, ?jamesonite, ?lautite, ??meneghinite, ??miargyrite, 
??millerite, ?montbrayite, ?nagyágite, ?petzite, ??sartorite, ?schapbachite, ??sternbergite, ?sylvanite, ?vaesite, 
?valleriite 
Post-KMH2 Sulphides 
altaite (First, unpublished) 
arsenosulvanite (Dobosi, 1984) 
calaverite (Nagy, 1985) 
capgaronnite (Sarp & Szakáll, unpublished) 
coloradoite (First, unpublished) 
colusite (First, unpublished) 
cubanite (Dódony, 1986) 
digenite (Pósfai, 1990) 
djurleite (Pósfai, 1990) 
domeykite (Szakáll, 1992a) 
famatinite (Dobosi &Nagy, 1993) 
fizélyite (Dobosi & Nagy, 1984) 
galenobismutite (Nagy & Dobosi, in press) 
gersdorffite (Szakáll et al., unpublished) 
glaucodot (Nagy, 1990) 
goldfieldite (Dobosi & Nagy, 1993) 
greenockite (Dódony & Szakáll, unpublished) 
heazlewoodite (Ghoneim & Szederkényi, 1979) 
heteromorphite (Nagy, 1986) 
joséite-B (Weiszburg, unpublished) 
kesterite (Dobosi, 1984) 
krennerite (Nagy, 1985) 
kuramite (First, unpublished) 
lillianite (Dobosi & Nagy, 1984) 
mawsonite (First, unpublished) 
melonite (Weiszburg et al., unpublished) 
miargyrite (Horváth, 1987) 
millerite (Nemecz, 1956) 
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petzite (First, unpublished) 
polybasite (Szakáll et al.,1994e) 
skinnerite (Szakáll et al., unpublished) 




sylvanite (First, unpublished) 
troilite (Dódony, 1986) 
xanthoeonite (Szakáll et al., 1994e) 
halite 
Post-KMH2 Haloids 
bischofite (Szakáll et al., unpublished) 
bromargyrite (Szakáll & Kovács, 1995) 
chlorargyrite (Szakáll et al., 1994c) 
eriochalcite (Szakáll et al., unpublished) 
















paratacamite (Szakáll, 1992a) 
perroudite (Sarp & Szakáll, unpublished) 
sal ammoniac (Szakáll, 1989) 













Uncertain species: ??bauranoite, ?becquerelite, ?brookite, ?cervantite, ?curite, ??fourmarierite, ?ianthinite, 
?maghemite, ?metacalciouranoite, ?montroseite, ?nordstrandite, ?russellite, ?tellurite, ?thorianite, ??zirkelite 
Post-KMH2 Oxides 
bayerite (Náray-Szabó & Péter, 1967) 
cassiterite (Szakáll & Kovács, 1993) 
cerianile (Pantó, 1975) 
claudetite (Koch, 1966) 
delafossite (Szakáll & Jánosi, unpublished) 
ferberite (Szakáll et al., 1995) 
hercynite (Török, 1993) 
hübnerite (Szakáll et al., 1995) 
ice 
maghemite (Mindszenty et al., unpublished) 
magnesiochromite (Embey-Isztin et al., 1989) 
nordstrandite (Náray-Szabó & Péter, 1967) 
perovskite (Pantó, 1975) 
portlandite (Szakáll & Kovács, 1992) 
pseudobrookite (Szakáll, 1992b) 
ranciéite (Szakáll, 1992a) 
stibiconite (Jánosi & Papp, 1985) 
thorianite (Pantó, 1975) 
tripuhyite (Sajó, unpublished) 






















Uncertain species: ?alumohydrocalcite, ?kutnohorite, ??parisite-(Ce), ??röntgenite-(Ce), ?swartzite, 
??synchysite-(Ce) 
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Post -KMH2 Carbona te s 
aurichalcite (Szakáll, 1992a) 
claraite (Szakáll et al., unpublished) 
dypingite (Kiss & Jánosi, 1994) 
hydromagnesite (Bognár, 1986) 
hydrotalcite (Papp, 1988) 
hydrozincite (Szakáll, 1992a) 
kutnohorite (Grasselly et al., 1985) 
SULPHATES 





















nesquehonite (Kiss & Jánosi, 1994) 
niter (Kvassay, 1876) 
northupite (Kiss & Jánosi, 1994) 
rosasite (Szakáll et al., unpublished) 
synchysite-(Ce) (Szakáll, 1992a) 
trona (Szakáll et al., unpublished) 










Uncertain species: ??argentojarosite, ??kröhnkite 
Post-KMH2 Sulphates 
antlerite (Szakáll, 1992a) 
blödite (Kiss & Jánosi, 1994) 
bonattite (Szakáll et al., in press) 
botryogen (Szakáll et al., in press) 
coquimbite (Szakáll et al., in press) 
devilline (Szakáll et al., in press) 
fibroferrite (Szakáll et al., in press) 
fornacite (Szakáll et al., in press) 
hydronium jarosite (Papp, 1990) 
koktaite (Szakáll et al., in press) 
letovicite (Szakáll, 1992a) 
linarite (Szakáll et al., in press) 
magnesiocopiapite (Szakáll et al., in press) 
mascagnite (Szakáll, 1992a) 
millosevichite (Szakáll et al., in press) 
P H O S P H A T E S AND A R S E N A T E S 
K M H 2 Phosphates and arsenates 







mirabilite (Szatmári, 1966) 
natrojarosite (Papp, 1990) 
pickeringite (Szakáll et al., in press) 
plumbojarosite (Szakáll et al., 1994b) 
posnjakite (Szakáll, 1992a) 
rhomboclase (Viczián et al., 1986) 
römerite (Szakáll et al., in press) 
sideronatrite (Szakáll et al., in press) 
siderotil (Szakáll et al., in press) 
slavíkite (Szakáll et al., in press) 
starkeyite (Szakáll et al., in press) 
strontiamte (Miklós, 1987) 
tamarugite (Szakáll, 1992a) 
thénardite (Kiss & Jánosi, 1994) 







Uncertain species: ??carnotite, ?delvauxite, ?saléeite, ?tyuyamunite 
Pos t -KMH2 Phosphates and arsenates 
annabergite (Szederkényi, 1962) 
arseniosiderite (Szakáll et al., 1994a) 
bayldonite (Szakáll et al., unpublished) 
beudantite (Szakáll et al., 1994a) 
conichalcite (Szakáll et al., 1994a) 
diadochite (Földvári & Nagy, 1985) 
gorceixite (Szentpétery et al., 1989) 
kaAkite (Szakáll et al., unpublished) 
mimetite (Szakáll & Kovács, 1994) 
monetite (Sztrókay, 1959) 
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olivenite (Szakáll et al., 1994a) 
pharmacosiderite (Szakáll et al., 1994a) 
picropharmacolite (Szakáll et al., 1994a) 
rhabdophane-(Ce) (Nagy G., unpublished) 
saléeite (Kiss, 1961) 
scorodite (Szakáll et al., 1994a) 
segnitite (Szakáll et al., 1994a) 
talmessite (Szakáll et al., 1994a) 
taranakite (Szakáll & Jánosi, 1993) 
tyrolite (Szakáll et al., 1994a) 


















Uncertain species: ?pyrope, ?spessartine 
Post-KMH2 Nesosilicates 
chloritoid (Noske-Fazekas, 1973) 
datolite (Szakáll et al., unpublished) 
fayalite (Buda, 1993) 
grossular (Soós et al., 1991) 
mullite (Sztrókay, 1986) 
pyrope (Török, 1995) 
schorlomite (Horváth & Ódor, 1984) 
sillimanite (Mauritz, 1909) 






Uncertain species: ?clinozoisite 
Post-KMH2 Sorosilicates 
clinozoisite (Török, unpublished) 





gehlenite (Dódony & Jánosi, unpublished) 
pumpellyite (Árkai, 1973) 
schorl 
Uncertain species: ?elbaite, ?osumilite 
Post-KMH2 Cyclosilicates 
dravite (Demény, 1987) roedderite (Török & Szakáll, unpublished) 
INOSILICATES 
KMH2 Inosilicates 
actinolite enstatite prehnite 
augite inesite tremolite 
diopside kaersutite wollastonite 
Post-KMH2 Inosilicates 
aegirine (Mauritz, 1913) 
crossite (Kubovics, 1983) 
edenite (Harangi, unpublished) 
glaucophane (Lelkes-Felvári, 1982) 
grunerite (Buda, 1993) 
hedenbergite (Dódony & Gatter, 1988) 
magnesiohastingsite (Harangi, unpublished) 
magnesiohornblende (Harangi, unpublished) 
nekoite (Sajó, unpublished) 
okenite (Sajó, unpublished) 
pectolite (Szakáll et al., unpublished) 
pigeonite (Soós & Dódony, 1989) 
tobermorite (Papp, 1988) 

























Uncertain species'. ?amesite, ?brammallite, ?chrysocolla, ?donbassite, ?hydrobiotite, ?metahalloysite, ??nacrite, 
?phlogopite, ?sepiolite, ?stilpnomelane 
Post-KMH2 Phyllosilicates 
annite (Török, 1996) 
beidellite (Varga-Máthé, 1966) 
caryopilite (Dódony & Gatter, 1986) 
chrysocolla (Szakáll & Földvári, 1996) 
clintonite (Fehér, unpublished) 
corrensite (Viczián, 1993) 












anorthite (Pantó, 1974) 
anorthoclase (Vincze-Szeberényi, 1982) 
dachiardite (Szakáll, 1992c) 
ferrierite (Szakáll, 1992c) 
harmotome (Szakáll, 1992b) 
meionite (Török, 1994) 
ORGANIC MINERALS 
KMH2 Organic minerals 
mellite 
whewellite 
Post-KMH2 Organic minerals 
humboldtine (Weiszburg et al., unpublished) 
hisingerite (Szakáll et al., unpublished) 
paragonite (Felvári & Viczián, 1972) 
phlogopite (Szabó, 1985) 
rectorite (Nemecz et al., 1963) 
sepiolite (Nemecz, unpublished) 
stilpnomelane (Árkai et al., 1981) 
vermiculite (Raincsák-Kosáry, 1978) 
orthoclase 






microcline (Buda, 1969) 
nepheline (Mauritz, 1913) 
offretite (Szakáll & Jánosi, unpublished) 
sodalite (Mauritz, 1913) 
stellerite (Jánossy et al., 1987) 
yugawaralite (Rappensberger, 1991) 
REQUEST TO THE READER 
The author is grateful for any information that may complete this compilation 
(interesting samples, forgotten or unpublished results, papers that escaped our attention, 
etc.). 
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ABSTRACT 
Original szaibelyite Mg2(0H)[B20.)(0H)] material from its type-locality (Rézbánya, Bihar Mts., Rumania) 
has been investigated. Starting with an XPD ab initio determination, its unit cell was refined to the values of 
a=12.571(l), 6=10.4025(9), c=3.1333(4) Á and p=95°54.2(9)' in P2,/a symmetry. The crystal structure was 
refined by Rietveld method on the basis of TAKÉUCHI'S (1973) model. The results converged to an atomic 
arrangement similar to the one determined for a szaibelyite sample from Königshall-Hindenburg, Germany. A 
search to find traces of an orthorhombic polytype in the XPD pattern, due to the 2 | pseudosymmetry, failed to 
identify any. Neither was successful the attempt to find significant differences between the szaibelyite and a 
sample called 'ascharite' from Stassfiirt. TEM investigations revealed, that the [001] elongated crystallites of 
szaibelyite occur in bundles in which the individual fibres are randomly oriented around their c axis. Its most 
characteristic real structural feature is the (100) twinning producing weak diffuse scattering parallel to the a* 
axis in the SAED patterns. No polytype modifications or periodic twinning of the basic crystal structure were 
observed in the material. These results confirm the priority of the original description of szaibelyite (PETERS, 
1861). In spite of the low accuracy of the early chemical analysis, the original description proved to be valid and 
in good accordance with the recent results. 
KEYWORDS: szaibelyite, type-locality, structure, XPD, real.structure, TEM 
INTRODUCTION 
In the course of a systematic reinvestigation of several Hungary-related minerals the study of 
szaibelyite was undertaken. The type specimen of this mineral (PAPP & WEISZBURG, 1991) was 
first described by PETERS (1861) aind has remained poorly characterised ever since due to its 
relative complex paragenesis. The title material occurs in massive contact marble in the form of 
radial aggregates of fine bundles of asbestiform (Fig. 1) crystallites in intimate coexistence with 
other boron bearing Mg-minerals like kotoite and fluoborite. The lack of up-to-date descriptive 
data of szaibelyite has raised recently some confusion between this mineral and an other one 
called ascharite (FEIT, 1891) which gives a special actuality to the present work. 
EXPERIMENTAL DETAILS 
A tedious preparatory process consisting of dilute acid treatment, repeated 
sedimentation and hardness selective separation resulted in a practically monomineralic 
1 4/a Múzeum krt., Budapest, Hungary H-1088 
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szaibelyite sample, that was suitable for further study. The X-ray powder diffraction 
(XPD) data collection was carried out using CuK^-radiation (A.=0.154178 nm) on a 
Siemens D5000 powder diffractometer with theta-theta Bragg-Brentano geometry, fixed 
slits and a pyrolitic graphite secondary monochromator. The measurement control and all 
subsequent calculations were performed using the integrated computing facilities of the 
D5000 system. The intensity data were collected with the step-scan technique in the 5.00-
79.00°2$ angular range using a step width of 0.02°2&. The ab initio indexing of the 
powder pattern and unit cell determination was carried out using the ITO program of 
VISSER (1969) and the unit cell parameters were refined by a local version of the 
UNITCELL program (APPLEMAN & EVANS, 1973, The Rietveld analysis was performed 
by means of the GSAS program package of LARSON & VONDREELE (1987). 
The dilute acide etched szaibelyite-containing marble surface was imaged under a 
HITACHI S2360N type, low vacuum scanning microscope attached with a Robinson 
detector. 
Electron transparent samples were prepared by argon ion milling and suspension 
techniques. Selected szaibelyite bundles were crushed under ethanol, and drops of the 
suspension were allowed to dry on holey-carbon TEM grids. TEM images and SAED 
patterns were obtained at 100 kV under a JEOL 100CX electron microscope equipped 
with a a tilt (± 60°) - rotate (± 360°) goniometer stage. The electron micrographs of 
oriented crystals and their SAED patterns were obtained at optimum conditions using an 
objective aperture with a radius of 4. 5 A"1 in the diffraction plane. The intensive radiation 
damage of szaibelyite limited the usable illumination time and/or brightness making the 
high resolution imaging especially difficult. The processing of digitised micrographs were 
performed on a Macintosh computer using Adobe Photoshop 3.0 software. The HRTEM 
image simulations and related calculations were done using the MSI Cerius2 program 
package on an SGI workstation. 
POWDER DIFFRACTION RESULTS 
Following the data reduction, an ab initio unit cell determination was attempted using 
the zone indexing method. The first 30 reflections (with the lowest scattering angles) were 
included in the calculation and all symmetries lower than tetragonal were taken into 
consideration. The resulting four solutions were all monoclinic and the unit cell 
(a=12.556, 6=10.383, c=3.129 A, 0=95.96°) with the highest DEWOLF (1968) figure of 
merit (M20=24) indexed all of the starting reflections.The reflection set, calculated from 
this unit cell supposing a primitive lattice and no translation symmetry, was corroborated 
with the observed powder data in order to find systematic absences.The absence of 010, 
030, 100, 300, -101 and 101 reflections in the low angle zone is in good agreement with 
the Flx!a symmetry determined by TAKEUCHI & KUDOH (1975) for a szaibelyite sample 
from Konigshall-Hindenburg, Germany. Subsequently the whole observed powder data set 
was indexed with this unit cell in Flx!a symmetry and the cell parameters were refined. 
The refinement converged to the values of £7=12.571(1), 6=10.4025(9), c=3.1333(4) A and 
P=95°54.2(9)'.The Figures of Merit F20=38(.017,32) and M20=26 show the reliability of 
the indexing all of the 60 suitably resolved reflections (Table 1). The 2.745 g/cm3 
calculated density and its observed value of 2.66 g/cm3 are well within the range of 2.60-
2.76 g/cm3 reported by SCHALLER (1942) for naturally occurring MgHB03. The 
crystallographic data are summarized in Tabled. 
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TABLE 1 
X-ray powder data of szaibelyite, Rézbánya (Bihar Mts., Rumania) 
h k t I/Io dcalc dobs 2 Scale 2 9 0 b s A29 F„ (meanA2S ND0S!) 
-1 1 0 6 7 .9969 7 .9750 11.063 11.094 - . 0 3 0 FI= 33( ,030, 1) 
2 0 0 100 6 .2519 6 .2430 14.165 14.186 - . 0 2 0 F 2 = 3 9 ( 0 2 5 , 2) 
0 2 0 4 0 5 .2012 5 .1945 17.046 17.069 - . 0 2 2 F 3 = 3 1 ( . 0 2 4 , 4 ) 
-1 2 0 5 4 .8023 4 .7952 18.474 18.502 - . 0 2 7 F„= 3 2 ( 0 2 5 , 5) 
_2 2 0 8 3 .9984 3 .9959 22 .232 ' 2 2 . 2 4 6 - . 0 1 3 F S = 3 6 ( 0 2 3 , 6) 
- 3 1 0 17 3 .8689 3 .8645 22 .986 23 .013 - . 0 2 6 F 6 = 36( 024 , 7) 
-1 3 0 13 3 .3414 3 .3395 26 .677 26 .693 - . 0 1 5 FT=39( .022 , 8) 
- 3 2 0 51 3 .2525 3 .2506 27 .420 27 .437 - . 0 1 6 F S = 4 1 ( 0 2 2 , 9) 
0 0 1 7 3 .1146 3 .1184 28 .659 28.624 .035 F , = 3 5 ( 0 2 3 , 1 1 ) 
- 2 3 0 44 3 .0323 3 .0313 29 .455 29.465 - . 0 0 9 F 1 0 = 3 8 ( 0 2 2 , 12) 
0 1 I 23 2 .9838 2 .9849 29 .945 29.934 .011 F M = 3 8 ( 0 2 1 , 14) 
1 1 1 6 2 .8398 2 .8389 31.501 31.512 - . 0 1 0 F|2= 35( .020, 17) 
_2 1 1 10 2 .8023 2 .8016 31.934 31 .943 - . 0 0 8 F U = 3 8 ( . 0 1 9 , 18) 
- 3 3 0 88 2 .6656 2 .6648 33 .619 33 .630 - . 0 1 0 FI4= 34( .018, 22 ) 
2 1 1 22 2 .5952 2 .5960 34 .559 34 .549 .010 FI5= 33( .018, 25 ) 
1 2 1 20 2 .5673 2 .5657 34 .947 34 .970 - . 0 2 2 F , 6 = 3 4 ( 0 1 8 , 26 ) 
_2 2 1 44 2 .5394 2 .5402 35 .343 35 .333 .010 F,R= 33( .018, 29 ) 
- 5 1 0 72 2 .4315 2 .4313 36 .968 36.971 - . 0 0 2 F , „ = 3 6 ( . 0 1 7 , 30 ) 
- 2 4 0 13 2 .4011 2 .4000 37 .452 37 .470 - . 0 1 7 F,9= 36( 017 , 31 ) 
2 2 1 18 2 .3823 2 .3816 37 .759 37.771 -.011 F2a= 38(017, 32), M2a=26 
- 3 2 1 9 2 .3455 2 .3447 38.374 38 .389 - . 0 1 4 F 2 1 = 3 8 ( . 0 1 7 , 33 ) 
0 3 1 44 2 .3171 2.3171 38.864 38.864 .000 F 2 2 = 3 8 ( 0 1 6 , 37) 
-A 1 1 7 2 .2731 2.2741 39.647 39 .630 .017 F->3= 3 7 ( 0 1 6 , 39) 
- 3 4 0 82 2 .2063 2 .2070 40 .900 40 .887 .013 F 2 4 = 3 5 ( . 0 1 6 , 43 ) 
3 2 1 8 2 .1644 2 .1646 41 .729 41 .726 .003 F 2 5 = 3 7 ( 0 1 5 , 44 ) 
2 3 1 7 2 .1204 2 .1220 42 .635 42 .603 .032 F 2 6 = 3 5 ( 0 1 6 , 46 ) 
6 0 0 76 2 .0839 2 .0846 43 .420 43 .406 .014 F 2 7 = 3 5 ( 0 1 6 , 49 ) 
-1 5 0 8 2 .0522 2 .0535 44 .125 44 .098 .027 F 2 8 = 3 4 ( 0 1 6 , 51) 
- 5 3 0 12 2 .0283 2 .0282 44 .675 44 .676 - . 0 0 0 F 2 9 = 35( 016 , 53) 
0 4 1 30 1.9962 1.9958 45 .432 45 .442 - . 0 0 9 Fur 34(016, 56) 
_2 5 0 16 1.9740 1.9743 45 .972 45 .965 .007 F 3 , = 35( .015, 58) 
- 6 2 0 14 1.9344 1.9351 46 .968 46 .952 .016 F 3 2 = 3 3 ( 0 1 5 , 63 ) 
- 5 2 1 8 1.9120 1.9144 47 .553 47 .490 .063 F 3 3 = 3 0 ( 0 1 7 , 65 ) 
- 6 1 1 14 1.7935 1.7934 50 .869 50 .870 - . 0 0 0 F M = 2 9 ( 0 1 6 , 73) 
- 7 1 0 12 1.7605 1.7601 51 .893 51 .906 - . 0 1 2 F J 5 = 2 8 ( 0 1 6 , 76) 
0 5 1 24 1.7300 1.7298 52 .876 52.882 - . 0 0 5 F 3 6 = 28( 016 , 82) 
_2 5 1 17 1.6924 1.6919 54 .146 54.162 - . 0 1 5 F37= 27( 016 , 87) 
2 5 1 9 1.6434 1.6427 55 .900 55.927 - . 0 2 6 F38= 26( .016, 91 ) 
- 6 3 1 17 1.6120 1.6115 57 .087 57 .108 - . 0 2 0 F 3 9 = 2 4 ( . 0 1 6 , 98) 
- 5 5 0 13 1.5993 1.5991 57.581 57 .589 - . 0 0 7 F „ = 2 5 ( 0 1 6 , 1 0 1 ) 
- 7 3 0 7 1.5879 1.5878 58.034 58.041 - . 0 0 6 F„I= 2 5 ( 0 1 6 , 1 0 2 ) 
8 0 0 10 1.5629 1.5623 59.052 59 .078 - . 0 2 5 F 4 , = 2 5 ( 0 1 6 , 1 0 5 ) 
0 0 2 14 1.5573 1.5569 59.288 59 .303 - . 0 1 4 F 4 3 = 2 5 ( 0 1 6 , 1 0 6 ) 
_2 0 2 11 1.5490 1.5489 59 .639 59.644 - . 0 0 4 F « = 2 6 ( 0 1 6 , 1 0 9 ) 
5 4 1 21 1.5122 1.5125 61 .240 61 .227 .013 F « = 2 4 ( 0 1 6 , 1 1 7 ) 
1 6 1 20 1.4949 1.4952 62 .027 62.017 .010 F « = 2 4 ( 0 1 6 , 1 2 1 ) 
-1 7 0 15 1.4756 1.4756 62 .930 62 .930 .000 F 4 7 = 2 4 ( 0 1 5 , 1 3 0 ) 
-6 5 0 10 1.4723 1.4721 63 .088 63.101 - . 0 1 2 F„8= 2 4 ( 0 1 5 , 1 3 2 ) 
- 8 3 0 7 1.4249 1.4250 65 .445 65.437 .008 F „ = 2 2 ( 0 1 5 , 1 4 8 ) 
- 3 7 0 8 1.3997 1.3998 66.774 66 .767 .007 F , 0 = 2 1 ( 0 1 5 , 1 5 6 ) 
- 7 4 1 9 1.3770 1.3773 68 .025 68 .010 .015 F S ,= 2 1 ( 0 1 5 , 1 6 3 ) 
- 7 5 0 6 1.3552 1.3549 69.271 69 .288 - . 0 1 6 F 5 2 = 2 0 ( 0 1 5 , 1 7 0 ) 
0 7 1 10 1.3412 1.3406 70.102 70 .140 - . 0 3 7 FS 3= 1 9 ( 0 1 5 , 1 7 8 ) 
- 6 6 0 8 1.3328 1.3332 70 .610 70.587 .023 F 5 4 = 1 9 ( 0 1 6 , 1 8 4 ) 
0 8 0 6 1.3003 1.3005 72.651 72.640 .011 F 5 5 = 1 8 ( 0 1 5 , 1 9 7 ) 
- 9 3 0 6 1.2896 1.2904 73 .349 73 .300 .049 FS6= 1 7 ( 0 1 6 , 2 0 4 ) 
10 0 0 6 1.2503 1.2505 76 .053 76 .046 .007 FS7= 1 6 ( 0 1 6 , 2 2 2 ) 
- 3 8 0 10 1.2413 1.2415 76 .710 76 .690 .020 F 5 8 = 1 6 ( 0 1 6 , 2 2 8 ) 
- 9 4 0 6 1.2254 1.2257 77.891 77 .870 .021 F 5 9 = 1 5 ( 0 1 6 , 2 3 6 ) 
- 3 5 2 4 1.224 1.2226 78 .119 78.098 .021 F M = 1 6 ( 0 1 6 , 2 3 8 ) 
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TABLE 10. 
Crystal data for szaibelyite, Rézbánya (Bihar Mts., Rumania) 
Formula 
Crystal system 
Space g roup 
<7 (A) 
b (A) 





F30 (SMITH & SNYDER, 1 9 7 9 ) 
M2O (DE WOLFF, 1 9 6 8 ) 













Refined atomic positions of szaibelyite, Rézbánya (Bihar Mts., Rumania) 
Atom x/a y/b z/c Ui*100 s.o.f. 
Mg( l ) .5052(1) .1378(1) .2311(6) 5.13(15) 1.0 
Mg(2) .4113(1) .4185(1) .7098(5) 4.66(16) 1.0 
B ( l ) .1427(2) .1759(2) .7372(13) 1.80(18) 1.0 
B(2) .3008(2) .0464(2) .5787(13) 1.81(17) 1.0 
0 (1 ) .0836(2) .0611(2) .8014(9) 1.21(17) 1.0 
0 (2 ) .0997(1) .2933(1) .8149(8) 3.14(17) 1.0 
0 ( 3 ) .2534(1) .1626(2) .7304(8) 3.49(17) 1.0 
0 ( 4 ) .2468(1) .4411(1) .6124(9) 2.64(18) 1.0 
0 (5 ) .4071(1) .0417(2) .7448(8) 3.60(17) 1.0 
0 ( 6 ) .4034(1) .2930(1) .1928(8) 1.73(16) 1.0 
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Fig. 1. SEM image of the etched surface of marble containing the szaibelyite material 
2-theta 
Fig. 2. Observed and calculated powdu profile of szaibelyite (Rézbánya) 
A Rietveld analysis of the powder pattern of szaibelyite was also undertaken. Starting 
with the monoclinic structural model of TAKÉUCH1 & KUDOH ( 1 9 7 5 ) , the refinement 
converged to the R factors of Rp=0.067, Rwp=0.090 in spite of the difficult-to-handle 
fibrous (Fig. 1) preferred orientation. The observed (crosses) and calculated (continuous 
line) powder profile together with their difference plot and marks of the Bragg positions 
are shown in Fig. 2. The final atomic parameters can be seen in Table 3. A perspectivic 
view of the szaibelyite structure along the c-axis is shown in Fig. 3. The octahedra 
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represent Mg06 groups, the B03 units are drawn as trigons and the size and orientation of 
the unit cell is also marked. 
Fig. J. The crystal structure of szaibelyite 
TRANSMISSION ELECTERON MICROSCOPIC RESULTS 
The cross section of a szaibelyite bundle is shown in Fig. 4. The crystallites are oriented 
to each other subparallelly with their c axis. The grains boundaries are irregular and the 
grains are separated by narrow band of noncrystalline material. The SAED pattern of the area 
shown in Fig. 4 is a powder pattern like one (Fig. 5) that proves the absence of distinct 
orientation relationship between the crystallites in nearly common [001] projection. 
Fig. 4. TEM micrograph of a szaibelyite bundle in cross section 
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Fig. 5. SAED pattern of the area shown in Fig. 4 
Fig 6. SAED pattern of a szaibelyite crystall in [001] projection 
The SAED pattern of a [001] projected crystal (Fig. 6) reveals the ideal crystal 
structure of the grain boxed in Fig. 7. The enhanced and Fourier filtered image of this 
crystal {Fig. 8) corresponds well to the simulated high resolution electron microscopic 
image (inserted) calculated on the basis of the final Rietveld refinement results. The 
undulating brightness in the images is caused by the different thickness of the sample. 
9 5 
Fig. 7. Fiber axis projected high resolution micrograph of szaibelyite grains 
The structure of szaibelyite crystallites in [wwO] orientations were studied on samples 
prepared by suspension technique. Some of the grains show in [010] projection aperiodic 
twin structure (Fig. 9). The twin and the composition plane is the (100). The Fig. 9a is a 
bright field, while the Fig. 9c is a dark field image illuminated with the direct beam and 
the 002 reflection of one set of the twin system respectively. 
Fig. 8. Fourier filtered reconstruction of the boxed area in Fig. 7. The corresponding simulated HRTEM image 
is inserted in the middle 
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Fig 9. Twinned szaibelyite fiber in [010] projection a: Bright field image; b: The SAED pattern of the grain; 
c: Dark field micrograph imaged with one of the 002 reflections 
DISCUSSION 
The ab initio X-ray powder diffraction unit cell determination and the Rietveld 
refinement results prove, that the crystal structure of the szaibelyite from Rézbánya is 
monoclinic (Fl\!a (14)) and has the same atomic arrangement as determined for a 
szaibelyite sample from Königshall-Hindenburg, Germany by TAKÉUCHI & KUDOH, 
(1975). The structure (Fig. 3) is built up of c-axis directed chains of edge sharing double 
octahedra of Mg06. These chains sharing corners form a sheet parallel to (100). Double 
triangular pyroborate ions [Bi04(0H)]J~ are the links between the sheets. Along the chain 
of inversion related octahedra a strong 2 t pseudosymmetry can also be recognized. Since 
on the basis of combination of the original- and pseudo symmetries various polysynthetic 
twins could be theoretically derived, the XPD observations were checked for indications 
of the presence of resulting polymorphic variations. The powder pattern of the 
characteristic non-monoclinic polytype (P2t2t2t, a= 12.511, ¿>=10.393, c=3.139Á, 
TAKÉUCHI & KUDOH, (1975)) was calculated and compared to the profile of szaibelyite 
from Rézbánya (Fig. 10), but no significant coincidences were found. The observed 
powder profile of szaibelyite from its type-locality was also corroborated with the one of 
another sample called 'ascharite' from Stassfiirt (Fig. 11) and no characteristic difference 
(except for some minor textural effects due to the fibrous habit) was found between them. 
The TEM investigations revealed, that the [001] elongated crystallites of szaibelyite 
occur in bundles in which the individual fibres are randomly oriented around their c axis. 
The mean size of the crystals is in the 100 nm range in cross section and the most common 
faces observed are (100) and (010). The most characteristic real structural feature of the 
title material is the (100) twinning producing weak diffuse scattering parallel to the a* axis 
I r I t 
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Fig. 10. Comparison of the powder profiles of szaibelyite from Rézbánya and that of its theoretical orthorombic 
polytype 
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Fig. 11. Comparison of the powder patterns of szaibelyite from Rézbánya and that of „ascharite" from Stassfurt 
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in the selected area electron diffraction patterns. This phenomenon may explain the line 
broadening observed in the high angle region of the powder pattern. The thickness of the 
twin lamellae is a few nm. No polytype modifications or periodic twinning of the basic 
crystal structure were observed. 
The results of the above structural measurements made on the material of the type 
locality confirm the priority of the original description of szaibelyite by PETERS (1861). In 
spite of the low accuracy of the early chemical analysis, the original description proved to 
be valid and in good accordance with the recent results. 
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Department of Carpathian Ukraine of Ukrainian Information Centre 
INTRODUCTION 
All geological investigations which are in connection with ores, minerals and other 
geological-type row-materials have been carried out by the Kárpátalja (Carpathian 
Ukraine) Geological Prospecting Company. It was founded 31. May 1950 and its centre 
was pointed out in Visk locality and in 1954 year it was removed to Beregovo 
(Beregszász). This town has given the centre until today. Expences of the reserach activity 
had been produced from the budget in 90% rate until 1994 year. 
Main tasks of this company are as follows: geological mapping and all geological-
geophysical works which are necessary for the recovery of row materials for the mining 
industry. I. g. apart from the detailed geological mapping (12.800 km2 area) more than 60 
km.s long gangway, 15 km prospecting shafts, 700.000 m trenches, 10.000.000 m.s long 
boreholes were realized during 45 years period. 
MAIN RESULTS OF THE PROSPECTING 
I. Ore fields 
1. Beregovo (Beregszász) district: Muzsijevo (Muzsa) and Beregovo (Beregszász) 
and Kavaso hydrothermal gold and polymetallic mineralization as well as related 
kaolinite and alunite accumulation (Muzsijevo and Kavaso); perlite (Senay, Varna 
and Ardo); several smaller ore and non metallic occurrences. 
2. Rachow (Rahó) district: Sauiak gold and Rachow hydrothermal polymetallic and 
gold mineralizations and numerous smaller occurrences as well as Talabor and 
Solotina (Aknaszlatina) huge salt accumulations. 
3. Begany district: with hydrothermal alunite-barite-gold polymetallic ore deposits at 
Begany and germanium-rich brown-coal beds and numerous smaller ore and non-
ore indications. 
4. Visk district: mercury accumulations at Saian and Grendes localities and zeolite at 
Seklence as well as numerous smaller ore and non-ore indications. 
5. Peretscheni (Perecsényi) district: mercury deposits at Dubrinec (Dubrincs) and 
Olenova localities; kaoliné at Dubrinec (Dubrincs) and numerous smaller metallic 
and non-metallic accumulations. 
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II. Numbers of explored occurrences 
Gold and silver 6 
Polymetallic accumulations 5 
Mercury 6 
Brown coal 8 












Perlite ; 4 
Sand and gravel 14 
Drinking water 17 
Thermal water : 4 
Mineral water 16 
Altogether 167 
III. Factories, companies for the utilization of mineral resources of Carpathian 
Ukraine (Kárpátalja) 
Kárpátalja Gold-Polymetallic Combínate 
Királyháza Chemical Industry 
Borzsava Calcine Works 
Brick factories 28 
Ceramic factories 8 
Rachow and Királyvölgy Marble Quarries 
Huszt Stone Cutter Works Quarries 12 
Sand and gravel pits 10 




Artesian wells 697 
IV. Metallogenic map ofNE Carpathians 
Fig. 1. shows a metallogenic sketch referring to the area of Carpathian Ukraine 
(Karpdtalja) and adjacent Slovakian, Hungarian and Romanian border zones. 
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Fig. I. Metallogenic sketch o f N E Carpathians (V. N. ZAJCEVA 1971) 
LEGEND: Structural zoning: 1-2. Geosynclinal area of Carpathians (1 = miogeosyncline, 2 = Inner 
Carpathian geosynclinal subzone with spilite-keratophyric volcanism). 3 - 5 Sub-Carpathian inner folded and 
fractured zone (3 = East Slovakian, 4 = Csop-Mukacseve, 5 = Solotvinsk, 6 = Hungarian, 7 = Maramures 
Massif) 8-11 Deep-fractures (8 = Sub-Carpathian, 9 = Old Pannonian fractures, 10 = Dobrony-Visk, 11 = 
Beregove-Baia Mare) 12. lower degree fractures. 13. uplifts of Pre-Neogene basement. Numbers are marked 
with circles, as follows: © Peretscheni, © Szvaljava, © Ugljansk, © Pragov, © Vilyvitány, © Sátoraljaújhely, ® 
Dobrony, ® Beregovo, © Visk, ® Baia Mare. 
Structural stages and levels: 14. Elements of Alpine Geosyncline (14a = Cretaceous-Paleogene flysch, 14b 
= Cretaceous volcanics, miogeosynclinal spilite-keratophyric association with Neogene reactivation). 15. 
Miocene tuffaceous molasse, so-called „Lower structural zone". 16 = Pliocene tuffaceous molasse, so-called 
„Upper structural zone". 
Magmatic formations. 17= Miocene (from Badenian up to Pliocene) andesite formation. 18= Ditto, in 
covered position (earlier magma-tectonic cycle), 20-21= Eruption centres (20 = Miocene, 21 = Pliocene), 2 2 -
24. Intrusions (22 = Cretaceous-Paleogene, 23 = Miocene, 24 = Pliocene), 25-28= Ore deposits (25 = Pliocene 
mercury and rare-metall enrichments, 26 = Miocene gold-bearing polymetallic ores, 27 = Cretaceous-Paleogene 
copper and nickel ores). 
Ore fields and occurrences. 29. Polymetallic gold-bearing, 30. Polymetallic, 31. Mercury, 32. Arsenic, 33. 
Antimony, 34. Tellur and bismuth, 35. Molibdene, 36. Copper, 37. Cobalt-nickel, 38. Iron-manganese. 
Delimitation of metallogenic fields: 39. boundaries of mercury and rare-element occurrences, 40. boundaries of 
gold-bearing, polymetallic ores. 
Volcanic masses: (in quadratic frames) 1 Tokaj, 2 Presov, 3 Beregove, 4 Visk, 5 Baia Mare, 6 Vihorlat-
Gutin. 
Ore fields in Slovakia: 1-4. Dubnik (Hg), 2-4. Mernik (Hg). Fields in Hungary: 3-B. Telkibánya (Au), 4-
B. Sátoraljaújhely (Pb, Zn). Fields in Romania: 5-p. Tarna Mare (Pb, Zn, Au), 6-p. Komirzan (Hg, Au), 7-p. 
Biksad (Au, Ag, Hg), 8-p. Raksa (Au, Ag), 9-p. Nistru (Pb, Zn), 10-p. liba (Pb, Zn), 11-p. Beica (Cu, Pb, Zn), 
12-p. Sesar (Au, Ag), 13-p. Higis (Au, Ag), 14-p. Gilau-Kuci (Au, Ag), 15-p. Baie Sprie (Pb, Zn, Cu, Au), 16-p. 
Suior (Au, Ag, Pb, Zn, Cu), 17-p. Cavnic (Pb, Cu, Zn, Au), 18-p. Beiuc (Pb, Cu, Zn, Au), 19-p. Cibles (Cu, Pb, 
Zn). Fields in Carpathian Ukraine: 1. Csontos (Hg), 2. Dubrinic (Hg), 3. Turica (Hg), 4. Antalovci (Hg, Te), 5. 
Lockanevo (Hg, Te, Mo), 6. Olenovo (Hg), 7. Podulki (Te, Bi, Hg, Mo), 8. Viznica (Hg, Te, Mo), 9. Sinjak 
(Hg), 10. Poiana (Hg), 11. Dehmanov (Te, Bi, Mo), 12. Sholles (Te, Bi, Mo, Cu), 13. Begany (Ba, Zn, Pb, Au, 
Ag), 14. Beregovsk (Zn, Pb, Au, Ag), 13-14. Miocene origin, 15. Zagodotschnoe (Hg), 16. Beregsurany (Hg), 
17. Grendes (Hg, Pb, Zn), 18. Borkut (Hg), 19. Marangosh (Hg), 20. Povorotnoe (Hg), 21. Rovnoe (Hg, Pb, Zn), 
22. Bania (Pb, Zn Miocene origin), 23. Monostor (Hg), 24. Aldermirov (Cu), 25. Kamennoe (Ni, Cr), 26. 
Luzsanskoe (Hg), 27. Dragovszkoe (Hg, As), 28. Tschernogolovo (As), 29. Soimü (Sb, As), 30. Koobclecki 
Poliana (Pb, Zn), 31. Kamen-Klevka (Pb, Zn), 32. Glimea (Mn), 33. Krasno Pleso (Cu), 34. Berlebashka (Cu, 
Au), 35. Sauliak (Au), 36. Banskoe I (Au), 37. Banskoe II (Au). 
© Ore deposits (numbers being next to the double circles mean the above-mentioned localities) 
In the present difficult economic situation the Central Fund is able to cover the 
research expences in 20% ratio, only. Therefore, predominant part of the objects 
momentarily are stopped. Due to the newest governmental regulations, the prospecting and 
exploitation are legitimated for foreign capitals by concession buying. 
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T H E M A I N G E N E T I C T Y P E S O F S P H E R U L E S O C C U R I N G I N T H E 
R O C K S O F H U N G A R Y 
0 . KAKAY SZABO' 
Hungarian Geological Survey, Geological Institute of Hungary 
ABSTRACT 
Four types of spherules obtainable from the sediments and deposits in Hungary are discernible by means of 
SEM and EDAX study of their chemical composition, textural structure and morphogenetics. Of extraterrestrial 
origin and of size 100-200 micron are the following: Glassy microtektites (Si), the micro magnetospherules 
(Fe) and the micro siderospherules (Si+Fe); on the other hand of terrestrial origin and size 200—400 micron 
are the magnetopearls (Fe). 
The extraterrestric spherules show all the signs of their origin: as the cold meteorites abruptly were heated 
up in the Earth's atmosphere and then burst up disintegrating into their elements forming blenddrops rich in 
gases, and slowly cooling down while rotating with high velocity. 
The tektites of different ages (Triassic, Cretaceous, Miocene) are to be found abundantly in thin clay layers 
of the deposits. The white and light yellow transparent tektites with low density contain small crystallites while 
the honey-yellow tektites of high density contain after anorthite oldhamit pseudomorphoses. Both types have 
blendclothfibres on their surface. The glassy tektites of different ages elements and to their proportions are 
completely similar to the anorthosite of the Moon's crust. All these facts prove that the material of the glassy 
tektites comes from the Moon's crust anorthosite minerals by escaping from there during impacts of meteorites 
and heated up and disintegrated into micro compound droplets when arriving into the Earth's atmosphere. The 
abundance of tektites in the different layers signals the ages of some big meteorite crashes on the Moon's 
surface. 
The morphogenetics of terrestrial magnetopearls signal the process of slow and uniform crystallisation at 
low temperature. 
The spherules, which were studied with SEM and EDAX methods are from Triassic, 
Miocene, Pannonian sediments and placers of Hungary. 
The geological setting of these spherule deposits were presented by L. DOSZTALY 
(Budapest, Sopron), E. KROLOPP (Arak) and GY. GYURICA (Maros river mouth). 
The studied spherules can be divided into 4 types according to their chemical 
composition, fabric and genetic features (PLATE I). 
1. Glassy microtektites (Si) Triassic, Miocene extraterrestrial 
2. Micro magnetospherules (Fe) placer extraterrestrial 
3. Micro siderospherules (Fe+Si) placer extraterrestrial 
4. Terrestric micro magnetopearls (Fe) Pannonian terrestrial 
1. The glassy microtektites are from the thin grey clay interlayers of the Triassic 
limestone in Budapest at 104-120 m depth, respectively and from the Miocene clay 
1 H-l 143 Budapest, Stefania ut 14., E-mail: kakay@mafi.hu 
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sediments of Sopron at 35-40 m. The 1 cm thick grey clay interlayer in the Triassic 
limestone contains drop and sphere shaped microtektites of 100-200 micron size and is a 
honey yellow colour. They have small bubble craters on their surface and bubbles inside. 
Their material is rich in Si and Ca and contains also Mg, Al, K and Ba in minor amounts 
blend (PLATE II). The magnification by several thousand times shows drops of soft and 
bubbling blend material. On their surface blendfibres are visible which were impacted into 
the soft drops or spun on their surface (PLATE III). The blendclothfibres on the spherules 
derive from the disintegrated material of the meteorite by forming crystallite plates of 
pseudohexagonal shape (PLATE IV). The fluidal texture of the drops with the crystallites 
immersed shows the direction of intense rotation of their crystals and fibres, indicating 
also the presence of considerable physical and chemical forces involved in their formation. 
The drops differ by their densities. The drops of lower density are colourless or light 
yellow and contain only nuclei of crystallites (PLATE III). The drops of higher density are 
of dark honey yellow colour; prismatic crystals of hexagonal cross section are immersed 
along with other crystals in the state of growing (PLATE V). The well-developed prismatic, 
isometric crystals of platy shape according to (001) are similar to a Ca-rich feldspar. Their 
CaS content, however, alludes to the meteorite mineral oldhamite. Supposedly, they are 
pseudomorphs of oldhamite after Ca-rich feldspar, anorthite (PLATE VI). The more exact 
study is made difficult by their small size; 1.5 micron diameter and 3 micron length. The 
chemical composition of glassy tektites is very similar to that of the anorthositic crust of 
the Moon's surface both as to the elements occurring and also their percentages (TABLE 1), 
(MAYER 1987). 
T A B L E 1 
Weight % Lunar soil Anorthosite Glassy Tektite 
60025 Triassic Miocene 
Si0 2 45.20 43.90 44.43 39.39 
CaO 15.30 18.90 34.20 37.62 
A12OÍ 26.60 35.20 9.59 9.38 
MgO 6.30 0.27 7.21 9.20 
Ti0 2 0.58 0.02 — — 
BaO — — 2.45 2.80 
K2O 0.11 0.03 0.95 0.80 
MnO 0.07 0.03 0.63 0.71 
FeO 5.50 0.67 0.54 0.10 
Cr2Oj — 0.04 — — 
N a 2 0 0.47 0.49 . — — 
The rocks of the Moon's surface contain almost pure anorthite of Ca content 
(CaAl2Si208), a plagioclase feldspar with negligible Na content. The above facts suggest 
that the material of the glassy tektites originates from the Moon, and through impacts of 
meteorites it had escaped from the Moon's surface and arrived into the Earth's 
atmosphere. After heating up, it disintegrated into microblenddroplets. The plastic and 
bubbling microblenddroplets were hardened by the large physical and chemical forces and 
as a result become extremely resistant. They arrive floating slowly to the Earth's surface 
due to their smallness. The long cooling and their hardened material ensure the 
conservation of their genetic characteristics. This is confirmed by the fact that the glassy 
tektites which come from Triassic and Miocene layers are identical to those on the surface 
106 
with respect to their morphology, composition, texture and genetic characteristics, as if the 
200 million years have not passed. This proves that they were formed from the same 
material by the same genetic process. 
In conclusion it can be stated that the abundance of glassy tektites in layers of different 
ages can be linehad with some big meteorite impacts on the Moon's surface (KAKAY-
SZABO, 1996). 
2. The micro magnetospherules have been recovered partly from a placer of the Maros 
river mouth and partly from the sand of a playground Budapest. EDAX examination of the 
material has shown but iron content. 
The morphogenetics of magnetospherules clearly shows the origin and process of their 
formation. While during the magmatic processes on the Earth's surface an abrupt cooling 
of the material takes place and therefore a crust is formed, the meteorite which arrives in a 
cold state into the Earth's atmosphere is abruptly heated up but then breaks into parts 
which cool down slowly. Thus small droplets are obtained which show in a very delicate 
manner their genetic features. 
The granule of smooth surface (PLATE I), from the Maros river mouth is a solid 
magnetospherule, 150 micron size with high density. Its fluidal texture and smooth surface 
show that it was plastic and spun during its origin, but by its greater weight and gasless 
material it arrived faster to the Earth's surface. The time of cooling was shorter and there 
was no time for crystallisation. Therefore there is no crystallisation pattern on its surface. 
The surface pattern of the particle contains gas bubbles and is 120 micron in size 
(PLATE VII). Its fluidal texture attests to a plastic state of origin. Its plastic magnetic iron 
material in the direction of the strong spinning was ordered in to octahedral blocks the 
junctions of which yielded the surface pattern. The high velocity spinning produced, 
centrifugal force which affected the ruptures of the junctions. The inner parts of the 
spherule show also the effects of centrifugal force. A considerable part of the gas content 
got into the central part, forming a cavity there. A smaller part in the form of small bubbles 
remained in the material. Discoidal plates were formed by the centrifugal force from the 
octahedral plate crystals of the material. The sawtoothed edges of the discoidal plate were 
formed by the sliding of the octahedral plate crystals. The original fluid state of the 
magnetospherules is proved by the droplet growing to drop from the edge of a discoidal 
plate and the crystallite immersed in the plastic iron material. A complete conservation of 
the effects of forces on the magnetospherules is a consequence of their slow cooling. The 
long travelling of the spherule was a consequence of its gas content, light weight and small 
size. The resulting slow and uniform cooling assured that all details of its origin were 
conserved. 
3. The micro siderospherule comes from the placer in the Maros river mouth. This little 
black sphere of 100|un size is of a glassy character. Its material contains both iron and 
silicates. At different points of the drop it has different compositions (PLATE VIII). On its 
surface rich in magnetic iron of terrestric origin it has a magnetic iron coating of terrestric 
origin in circularar patches. Those surfaces of the drop which are rich in silicates are 
blends of Mg, Al, K, which are rich in Si, Ca and have the same composition as the glassy 
microtektites. This fact, its fluidal texture and the blendfibre on its surface prove its 
cosmic origin. On those parts which contain iron, there are oval magnetic iron coatings of 
terrestric origin. The part of the surface which contains silicates is free of terrestric 
magnetic iron coating, it does not attract the terrestric magnetic iron material. 
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Consequently, the surface of the siderospherule shows in a spectacular way the mixed 
composition of the granule due to the terrestric overlays. 
4. The terrestric micro magnetopearls come from the Pannonian clay of Arak, from a 
depth of 70 m. Their material is ferromagnetic alpha iron. On the surface on the pearls of 
300-400nm size there are uniformly arranged junction lines, with some leaks at some 
parts. There are also pearls with empty centre (PLATE IX). The inner and outer surfaces are 
built up of small octahedral crystal plates. The octahedral crystal plates, which are lined up 
one after the other, have rectangular units and in triplets form an octahedral face, which in 
turn are arranged beside each other yielding circular units; these joined together form the 
pearl. The vertices of the octahedral crystal plates point to the inner part of the pearl 
forming a rough surface. These are formed in sediments of reductive environment by the 
crystallization of the iron solutions in the sediment pores. On the side of most magneto 
pearls there is a hole which shows the place where they were sticking during their 
formation. The magnetopearls are of terrestric origin according to their texture. They were 
formed by a slow and quiet crystallization at low temperature. They have no fluidal 
texture. 
The microspherules are to be found almost everywhere on the Earth in sediments. The 
magnification of the order of several thousands reveals the origin and the genesis of each 
spherule by its genetic features. 
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PLATES 
Plate II 
1. Glassy microtektite of low density bubble crater and crystallites floating in the blenddrop and 
blendclothfibres 
2. Glassy microtektite blenddrop with blendclothfibres spinned around it and with crystallites floating in it 
3. Glassy microtektite of low density with big bubble crater and with blendclothfibres sticking to it 
4. Blenddrop of low density with many blendclothfibres sticking to it and with crystallites floating in it 
108 
Pla te VIII 
1. Surface of a blenddrop of glassy microtektite of low density with blendclothfibres spinned on it and with 
crystallites floating in it 
2. Blendclothfibre spinned on the surface of a plastic blenddrop 
3. Blendclothfibre jumped on the surface of a plastic blenddrop 
4. Blendclothfibre crashed on the surface of a plastic blenddrop 
5. Bubble crater on the surface of a boiling blenddrop with blendclothfibre floating in it and with small 
crystallites 
Plate IV 
1. Blendcloth jumped on a blenddrop 
2. Blendcloth built from crystallites 
3. Blendclothfibre; spinned blendcloth 
4. Blendclothfibre built up from crystallites 
5. Crystallites pressed out from spinned blendcloth of higher density 
6. Vertex of a blendclothfibre with the crystallites grown beside 
Plate V 
1. Surface of microtektite blenddrop of high density with 
blendclothfibres pushed on it 
2. Oldhamite pseudomorphoses floating in a blenddrop 
3. Oldhamite pseudomorphoses floating in plastic blend and crystal 
4. Developing oldhamite pseudomorphoses floating in a blenddrop 
5. Twin oldhamite pseudomorphoses floating in a blenddrop 
Plate VI 
1. Monocrystal oldhamite pseudomorphose 
2. Oldhamite pseudomorphose with cross twin structure 
3. Glided oldhamite pseudomorphose twin 
Plate VII 
1. Magnetospherule with patter surface having some gap at joints showing the effect of centrifugal force 
2. The surface of magnetospherule, its plastic material ordered in octahedral picces on the surface in the 
direction of spinning 
3. The hole where the gaseous material of the magnetospherule centered; on the walls in the inner part of the 
drop there are discs formed under the centrifugal force from the octahedral plates 
4. The sawtoothed edges of the discs are made up from the octahedral plate crystals which glide out 
5-6. The droplets which appear on the edges of discs prove the plasticity of the material at the time when the 
spherule was formed 
Plate VIII 
1-2 . The surface of the siderospherule spectacularly indicates that its material is mixed rich in silicium and iron. 
The surface which is rich in silicium has no terrestric magnetic iron cover, on the other hand the part rich in 
iron is covered by terrestric magnetic iron which is attracted 
Plate IX 
1. The surface of the terrestrial magnetopearl with lines of the joints and spots of stickings 
2. The outer surface of magnetopearl with circular units joining to each other 
3. Rectangular crystalline plate units forming a circular structure by joining on their octahedral sides; the pearl 
is formed from these by joining 
4. The inner crystalline surface of magnetopearl 
5. The smallest constituents of the magnetopearl, the octahedral plate crystals, which form rectangular units 
by growing behind each other 
6. Rectangular plates, the small units grown together in octahedral form 
oldhamite pseudomorphoses and with 
germs 
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P l a t e II 
T H E M A I N G E N E T I C T Y P E S O F S P H E R U L E S F R O M H U N G A R Y 
by 0. KÁKAY SZABÓ 
SEM photo: V. TAKÁCS EDAX: K. SOLYMOS Photo-copy: M. PELLÉRDY 
L o w e r density, light yellow GLASSY MICROTEKTITES Higher density, dork honey yellow 
S m o o t h surface MICRO M A G N E T O S P H E R U L E S P a t t e r n s u r f a c e 
T E R R E S T R I C MICRO M A G N E T O P E A R L MICRO S I D E R O S P H E R U L E 
P l a t e II 
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P l a t e VIII 
G E N E T I C S T R U C T U R E O F T H E G L A S S Y M I C R O T E K T I T E S 
Surface of the lower density glassy tektites 
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Plate VIII 
G E N E T I C S T R U C T U R E O F T H E G L A S S Y M I C R O T E K T I T E S 
Figures of surface of the glassy tektites 
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P l a t e VIII 
Surface of the higher density glassy tektites 
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Pla te VIII 
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P l a t e VII 
C H E M I C A L C O M P O S I T I O N O F T H E M A G N E T O S P H E R U L E 
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Pla te VIII 
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P l a t e VIII 
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ORE MINERALS FROM THE KEY SECTION OF THE BAKSA COMPLEX 
(W BARANYA HILLS, HUNGARY) 
T . TARNAI1 
Department of Mineralogy, Geochemistry and Petrology, 
Attila József University, Szeged, Hungary 
A B S T R A C T 
This paper is a documentation-like presentation of the study and description of ore minerals found in the 
geological key borehole Baksa 2. The ore minerals can be divided into two genetic groups by the studies. The 
lateral secretion phase can be regarded to be monophase represented by ilmenite. The other phase is formed by 
ore minerals coming from hydrothermal activity. These minerals are partly disseminated, and partly occur in 
veins. According to ore microscopic studies, the ore mineral paragenesis of the hydrothermal phase are the 
following: pyrite, marcasite, pyrrhotine, sphalerite, chalcopyrite, galena, pentlandite, hematite, covellite. The 
most significant ore indication of the borehole can be found at the depth of 186.4 m. It is a massive sulphide 
vein of 7 cm thickness with an independent mineral paragenesis formed by pyrite, marcasite, sphalerite, 
pyrrhotine, chalcopyrite and galena. On the basis of the exposed ore mineral paragenesis and the performed 
studies, the possibility of a perspective ore exploration can seriously arise. 
INTRODUCTION 
In 1978/79 a geological key borehole was drilled near Baksa village in the frame 
Hungarian Palaeozoic Key Section Research program organised by the Hungarian 
Geological Survey (Fig. 1). The borehole, which produced core sample along its total 
length, reached 1200 m depth, and exposed the metamorphic formations of the Baksa 
Complex forming the basement of the West Baranya Hills in a thickness of 1143 m. 
Complex geological and geochemical study of the obtained rock samples was performed 
by leadership of the Attila József University in 1979 (SZEDERKÉNYI, 1979). This borehole 
is regarded as the key section of the Baksa Complex. 
Metamorphic rocks are dominant in the exposed formations. Major part of the 
borehole is represented by mica-schist and gneiss, while a minor part is formed by 
metamorphic carbonates, hornblende-schist, amphibolite and aplitic rocks. The pre-
metamorphic sequence of the rock column is dominated by pelitic-psammitic (argillite-
greywacke) rocks which suffered polymetamorphism (SZEDERKÉNYI, 1977). Preliminary 
ore microscopic study on the core samples of the borehole Baksa 2 showed that the 
exposed formations contained ore indications formed by hydrothermal activity 
(GRASSELLY, 1979). Their detailed mineralogical and genetic study was performed by the 
author in the Department of Mineralogy, Geochemistry and Petrology of the Attila József 
Universi ty in 1995/96 (TARNAI, 1996). 
' H-6701 Szeged, P.O. Box 651, Hungary 
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C H A R A C T E R I S A T I O N O F T H E B A K S A C O M P L E X 
The Baksa Complex - Görcsöny Crystalline-schist Formation (FÜLÖP, 1994) - is 
situated in the central part of the western third of the Tisza Unit (Tisia Composite Terrane) 
extending to south of the Central Hungarian Lineament, between the Mecsek and the 
Villány Subunits (Fig. 2). Information on its situation, subsurface extension, facies of its 
uppermost part as well as on the overlying formations comes from geophysical 
measurements, water prospect holes and geophysical control drillings (VADÁSZ, 1960; 
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JÁMBOR, 1962 ; BARABÁS et al . , 1964 ; RAVASZNÉ BARANYAI, 1969 ; SZEDERKÉNYI, 1974 , 
1976 , 1977 , 1983; VÁRSZEGI, 1978; JANTSKY, 1974 , .1979; ÁRKAI, 1 9 8 4 ; SZEDERKÉNYI et 
al., 1991; KOVÁCS et al., 1996). According to the above mentioned studies the overlying 
beds are formed by Tertiary (mainly Upper Pannonian), Pleistocene and Holocene 
sediments. In general, their thickness ranges from 50 to 150 m, and they superposed on the 
basement by sharp erosional discordance. South of Rózsafa-Pécs, west of Pécs-Szalánta, 
north of Szalánta-Kisdér and north-east of Kisdér-Rózsafa line, the Palaeozoic basement is 
formed by the tectonically elevated formations of the Baksa Complex (Fig. 3). Surface 
outcrop of the rocks of the Complex has not been known anywhere. Morphologically and 
genetically, it has close relation to the Babócsa Complex (situated south-west of it) built 
up mainly gneiss and schist, however, there are differences, too, regarding the elevated 
position and the more varied geological setting of the Baksa Complex. The Baksa 
Complex is dominantly built up by polymetamorphic rocks, mainly mica-schist and gnejss 
interbedded by marble, metamorphic lime-silicate, amphibolite and eclogite formations. 
An interesting geological object of the area is the Gyód Serpentinite Formation situated in 
the above mentioned rocks. According to Szederkényi (1976) the metamorphic rocks of 
the Baksa Complex form a Barrovian facies sequence. Line of strike of the formations is 
NW-SE, they have steep (almost perpendicular) dip, and from south-west to north-east 
they form complete progressive metamorphic facies series from the chlorite to the 
sillimanite zone and the granitization. 
IV. KELET-ALTI 
Figure 2: Tectonic units of Hungary (J. FÜLÖP, K. BREZSNYÁNSZKY, J. HAAS, 1989) 
DESCRIPTION OF ORE MINERALS OF THE GEOLOGICAL PROSPECT 
BOREHOLE BAKSA 2 
Basis of the research was represented by macroscopic, polarised microscopic and ore 
microscopic studies which were completed by inclusion, ICP and preliminary RFA 
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analyses, and by re-evaluation of the former chemical analyses. As a result of these 
studies, these ore minerals can be grouped described by the following way. 
Ore minerals of the key borehole Baksa 2 can be divided into two genetic groups. One 
group is represented by lateral secretional ore minerals, the other is formed by 
hydrothermal ones. The hydrothermal ore minerals can be disseminated and can occur in 
veins, too. 
Figure 3: Subsurface extension of the Baksa Complex in the SE Transdanubia. 
I. Surface extension of Mesozoic formations of the Villány Mountains; 2. Surface extension of Palaeozoic and 
Mesozoic formation of the W Mecsek Mountains; 3. Surface extension of Mesozoic formations of the E Mecsek 
Mountains; 4. Surface extension of the Mórágy Block; 5. Geological key borehole Baksa 2. 
Formations of the Baksa Complex covered by Tertiary and Quaternary beds are shown by the shaded area. 
This phase is a monophase represented by ilmenite. (It can be noted that, regarding the 
whole rock column, metamorphic segregation could play a role in origin of the 
disseminated pyrite which can be found in many places. On the basis of the features 
observed by the studies, however, pyrite can rather be connected to the hydrothermal 
< activity.) 
Quantity of the ilmenite is very variable in the exposed rock column. It can be found in 
the whole borehole but it mainly associates with amphibolite, amphibolite-schist or any 
amphibolitic rock: in these cases its quantity can be as high as 3-5 %. It also occurs in 
mica-schist and gneiss, although in a subordinate amount. It is not characteristic, however, 
in carbonate rocks. In the studied thin sections, orientation of the ilmenite is always 
parallel to the cleavage planes, and it has elongated shape. Ilmenite is closely packed with 
the metamorphic minerals, and it never passes or breaks through them ( T A B L E 1/1). Shape 
of its grains is always xenomorphic, and their size ranges from 150 to 300 fim. In the ore 
microscope its surface is always smooth and even, and it is grey. It has characteristic and 
uncommon pleochroism which is similar to that of pyrrhotine to a certain extent. In the 50 
% of the samples, ilmenite shows the features of regressive metamorphism, i. e., 
THE LATERAL SECRETIONAL ORE PHASE 
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leucoxenism and titanitization. In many cases, these secondary products surround ilmenite 
as a cover (Table 1/2). 
HYDROTHERMAL ORE PHASE 
The other group of ore minerals of the exposed formations is represented by the 
hydrothermal phase. These minerals are disseminated or occur in veins ( t a b l e II/l). In 
general, thickness of the veins ranges from 0.1 to 1 mm, however, there is a 7 cm thick 
massive sulphide veins at the depth of 186.4 m. Their occurrence does not relate to 
characteristic rock, however, there are more veins near the surface. Their ore mineral 
paragenesis is the following: pyrite, marcasite, sphalerite, chalcopyrite, pyrrhotine, galena, 
hematite, pentlandite, covellite. . 
The disseminated pyrite can be found in a lower amount in the formations, however, it 
is one the major minerals in the veins. Pyrite in veins is mainly characteristic near the 
surface ( t a b l e II/2). It occurs together with chalcopyrite in many cases. Its shape can be 
xenomorphic, hypidiomorphic and idiomorphic, too. Pyrite crystals are bigger in veins 
(200-600 |nm), while the disseminated pyrite grains are smaller (20-50 |im). In general, 
the pyrite crystals are fresh, their marcasitization is subordinate. The only one exception is 
the vein at the depth of 186.4 m, where marcasite originating from pyrite and pyrrhotine is 
one of the major ore mineral constituents ( t a b l e VIII/2). 
Out of the above mentioned vein, marcasite ( t a b l e III/l) is very rarely. Here and 
there, it can be found as small grain. In the 7 cm thick vein, however, its amount is 10-15 
%. It should be regarded as a secondary mineral because pyrite and pyrrhotine could turn 
into marcasite. 
The disseminated sphalerite can be found very rarely, and it has a lower quantity even 
in the veins ( t a b l e III/2). In general, it is inclusion-free and xenomorphic (there is only 
one sample in which sphalerite is hypidiomorphic). It is associated with chalcopyrite 
( t a b l e IV/1) and hematite ( T a b l e IV/2). In the ore vein at the depth of 186.4 m, 
however, its quantity is 24 %, and it contains chalcopyrite-pyrrhotine inclusions of 2-2.5 
% (Table V/l). Chalcopyrite and pyrrhotine in sphalerite can be regarded as partly 
demixing, partly epitaxial inclusions (Table V/2). In the major part of the vein pyrite is its 
accompanying ore mineral but in the outer part it is accompanied by chalcopyrite and 
galena. 
Excepting two samples, chalcopyrite is subordinated in the veins. It is associated with 
sphalerite and galena in the outer phase, mainly in the 7 cm thick vein at 186.4 m (Tables 
IV/1 and VI/1). The disseminated chalcopyrite occurs in the form of small rags. Together 
with pyrrhotine, it can be found very often as inclusion in sphalerite. Displacing each 
other, its disseminated grains also occur together with pyrrhotine. Chalcopyrite is always 
xenomorphic, and its characteristic size ranges from 50 to 100 fj.m. 
Galena ( t a b l e s VI/1 and V l / 2 ) occurs only in the 7 cm thick vein, and only in the 
external ore phase. It is always xenomorphic and disseminated. It is associated with 
chalcopyrite, sphalerite and pyrite. Its observed maximum size is about 2 mm. 
Pyrrhotine can be disseminated ore mineral - in the vein at the depth of 186.4 m it 
occurs as inclusion of pyrite ( t a b l e Vtl/l) and sphalerite ( t a b l e V/l) - , and forms 
massive monomineralic ore veinlets ( t a b l e s VII/2 and II/l) in the deeper part of the 
borehole. Thickness of the biggest veinlet is 1 mm. Pyrrhotine is always xenomorphic. In 
ore microscope, its surface is uneven and porous. Pentlandite inclusions in pyrrhotine can 
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well be observed at high magnifying (TABLE VIII/1). The disseminated pyrrhotine is 
frequently associated with chalcopyrite. 
Hematite is quite subordinated in the studied samples. It occurs only in two samples 
from the near surface region. It is the only one non-sulphide, hydrothermal ore mineral in 
the rock column. It forms thin veins, and lamellar join structure is characteristic for it. Size 
of a lamella is 15-30 |im. At crossed polars its red reflection is excellently visible. 
Generally, it is associated with sphalerite (TABLE IV/2). 
Pentlandite can be found in pyrrhotine veins at the depth of 900 m of the exposed rock 
column. It forms small (1-2 îm wide and 20-50 (xm long) exsolution spindles and flames 
of similar size (TABLE VIII/1). 
In one sample two covellite grains of 20 |im was found as alteration product of 
chalcopyrite. 
CONCLUSION 
Ore minerals exposed in the borehole Baksa 2 was formed by a significant 
hydrothermal activity affecting the Baksa Complex, with the exception of ilmenite coming 
from lateral secretional process. Hydrothermal origin of the ore minerals is indicated by 
the ore mineral paragenesis as well as their morphological and textural features. The 
frequent chalcopyrite-pyrrhotine exsolution, the double (pyrrhotine-chalcopyrite) 
inclusions of the sphalerite, and pentlandite inclusions of the pyrrhotine veins in the deeper 
region of the borehole suggest high temperature of fluids forming the ores. The two-phase-
structure of the 7 cm thick vein at the depth of 186.4 m proves that the hydrothermal 
activity could happen in two phases at least. The mainly sulphide mineralisation 
characterised by Fe, Zn, Cu, Pb, (Ni) shows that fluids were in connection with real 
magmatic activity and not from mobilisation of a metamorphic fluid in a wider sense. 
Beside the varied ore mineral paragenesis, this assumption is also supported by 
compositional, textural and morphological features of non-ore minerals in the veins. 
Accurate geological dating of the hydrothermal activity is quite difficult because of the 
available data and features of the samples. It can be stated, however, the hydrothermal 
activity affected the Baksa Complex after the progressive metamorphic effects of the 
Variscian tectonometamorphic cycle since the veins always cross the schistosity, 
sometimes they are pressed amongst the cleavage planes, and metamorphic phenomena 
can not be observed in the ore-bearing veins. 
Determination of the regional connections is also difficult. On the basis of geological 
closeness and analogy of the mineralisational features it is possible hydrothermal 
processes found in borehole Baksa 2 are related to the Lower Permian rhyolitic volcanism 
(Gyurufii Rhyolite Formation) or the subsequent post-volcanic activities because centre of 
the above mentioned volcanism lies as near as 20 km to the east of the key borehole 
(boreholes Vokany 2 and Egerag 7). Moreover, hydrothermal ore indication related to the 
rhyolitic volcanism was found in the borehole Szava 1 which is 10-15 km to the east of 
the borehole Baksa 2 (FAZEKAS AND VINCE, 1991). It is also possible, however, that 
hydrothermal ore mineralisation of the Baksa Complex is totally independent of the Lower 
Permian volcanism. It could be interpreted as a product of the Lower Cretaceous or 
Miocene volcanism of the Mecsek Mountains, or product of a still unknown volcanic 
activity. This assumption is supported by a 7 cm thick andesite dike at 469.4 m of the 
borehole Baksa 2. 
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TABLE 1/1: Polished section Key borehole Baksa 2. Lateral secretional ilmenite orientating to schistosity (x40, 
ordinary light). Legend: 1. ilmenite 
TABLE 1/2: Thin section. Key borehole Baksa 2. Ilmenite surrounded by titanite (x200, crossed polars). 
Legend: 1. opaque mineral, 2. titanite, 3 amphibole. 
1 2 6 
TABLE II/l: Thin section Key borehole Baksa 2. Vein filled with ore minerals The ore minerals penetrated 
amongst the cleavage planes, too (x50, ordinary light). 
TABLE 11/2: Polished section. Key borehole Baksa 2. Hypidiomorphic-xenomorphic pyrite grains in a vein (x40, 
ordinary light). Legend: I pyrite, 5. chalcopyrite. 2 sphalerite. 
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TABLE III/l: Polished section Key borehole Baksa 2. Typical marcasite (x200, crossed polars) 
TABLE 111/2: Polished section Key borehole Baksa 2. Sphalerite with chalcopyrite inclusions (x40, ordinary 
lisht). Legend: 2. sphalerite, A. barren apophysis, M. wall rock 
1 2 8 
TABLE IV/1 Polished section Key borehole Baksa 2. Ore minerals of a hydrothermal vein (x40, ordinary light). 
Legend: 2. sphalerite, 5. chalcopyrite, 6 galena. 
TABLE IV/2: Polished section. Key borehole Baksa 2. Hematite lamellae in sphalerite (x200, crossed polars). 
Legend: 7. hematite, 2. sphalerite. 
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TABLE V/l : Polished section Key borehole Baksa 2. Interlocking ot 'pyriteand sphalerite containing 
chalcopyrite and pyrrhotine inclusions (xlOO, crossed polars) 
Legend: 1. pyrite, 2. sphalerite, 4 pyrrhotine, 5 chalcopyrite 
TABLE V/2: Polished section. Key borehole Baksa 2. Oriented inclusion of sphalerite (xlOO, crossed polars). 
Legend: 2 sphalerite, 4. pyrrhotine, 5 chalcopyrite. 
1 3 0 
TABLE VI/1: Polished section. Key borehole Baksa 2. Galena and chalcopyrite (x40, ordinary light). 
Legend: 5. chalcopyrite, 6. galena. 
TABLE VI/2: Polished section. Key borehole Baksa 2. Galena (x40, crossed polars). 
Legend: 5. chalcopyrite, 6. galena. 
1 3 1 
TABLE VII/1: Polished section. Key borehole Baksa 2. Pyrrhotine inclusion in pyrite (x200, ordinary light). 
Legend: 1. pyrite, 4. pyrrhotine, H. gap. 
TABLE VI1/2: Polished section. Key borehole Baksa 2. Pyrrhotine vein (x40, ordinary light). 
Legend: 4. pyrrhotine. 
1 3 2 
TABLE VIII/1: Polished section. Key borehole Baksa 2. Pleochroism of pyrrhotine Pentlandite inclusions can 
also be observed (xlOO. parallel polars). Legend: 4. pyrrhotine, 8. pentlandite. 
TABLE VIII/2: Polished section. Key borehole Baksa 2 Fresh and marcasitizing pyrite with sphalerite (xlOO, 
ordinary light). Legend: 1 pyrite, 2. sphalerite, 3. marcasite. 5. chalcopyrite (inclusion). 
1 3 3 
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DIFFUSION CONTROLLED DOUBLE CORONA REACTION RIM 
AROUND KYANITE IN RETROGRADED ECLOGITE 
FROM THE SWISS CENTRAL ALPS 
T . M . TÓTH 1 
Institut of Mineralogy, Geochemistry and Petrology 
Attila József University, Szeged, Hungary 
ABSTRACT 
Retrograded eclogite samples at the village Gorduno in the Swiss Central Alps contain relics of ellipsoidal 
shape with double corona rim. The internal core consists of radial intergrowth of spinel and at places corundum. 
The fine-grained core is rimmed by plagioclase of composition A1195 which is followed by an outer plagioclase 
rim. This second plagioclase is of AIUJ-SO. 
This mineralogy has formed due to a series of reactions between kyanite and other high pressure phases; 
pyroxene, garnet, zoisite. All these reactions separated the A1-, and Si-rich phases from each other. Because of 
the restricted mobility of A1 the newly formed minerals created the double corona structure around kyanite. 
Key words: eclogite, corona structure, mobility 
INTRODUCTION 
Amphibolite samples found in the Swiss Central Alps north of the village Gorduno 
contain mineral and textural relics of an earlier eclogite facies event. In addition to 
amphibole and plagioclase these samples also contain garnet, clinopyroxene, rutile and 
zoisite as HP phases. Pyroxene grains have been almost totally replaced by amphibole-
plagioclase symplectitic intergrowth, garnet is surrounded by an amphibole-plagioclase 
corona, while rutile is rimmed by sphene. Zoisite has been replaced by a cluster of 
submicroscopic grains of undefined minerals. All these changes are typical of a breakdown 
of eclogite when decreasing pressure, and have been frequently observed in the Central 
Alps. In addition to the breakdown paragenesis common in retrograded eclogites, egg-
shaped relics with double corona reaction texture also occur (PLATE 1/1.). Their 
appearance in many localities as well as their mineralogy and textural characteristics were 
first described by FORSTER (1948). 
This paper focuses on the possible development of the disequilibrium textural relics. 




In addition to optical microscopy quantitative chemical analysis as well as X-Ray 
mapping for selected elements were performed on a CAMECA SX-50 electron 
microprobe. Instrumental conditions for single crystal analysis were an accelerating 
voltage of 15 kV and a beam current of 20 nA. In the spectrometers LiF, PET and TAP 
crystals were used. Natural minerals (DIAMOND et al., 1994) were used as standards. On 
X-ray mapping acquisition time varied from 10 to 20 minutes depending on the 
concentration of the selected element. 
PETROGRAPHY 
Major part of the samples studied consists of amphibole and garnet. At places 
amphibole is intergrown with clinopyroxene; garnet usually has a radial rim of plagioclase 
and amphibole. Chemical composition of the relict garnet grains is consistent with an 
earlier HP metamorphic event, pyroxene, however, is low in jadeite component. Garnet is 
of composition Alm45Pyr26Grs27Sps2, pyroxene is diopside and hedenbergite (about 1:2 in 
proportion), with a very low amount of Al and Na. 
Plate 1/1. Double corona microtexture with a dark grey internal and a white external rim. The textural relic is 
inbedded in a rock composed by amphibole and quartz N1, lOOx. 1-internal rim; 2-external rim; 3-amphibole; 
4-quartz 
The microfabric studied has ellipsoidal shape and a well-defined border towards the 
other phases around, usually quartz, amphibole and garnet (PLATE 1/1., 1/2.). The outer 
shell of the compouned corona structure consists of plagioclase with granoblastic texture, 
followed by an inner feldspar zone. The boundary is evident in a plain light owing to a 
sharp increase in relief (refractive index) and by a textural change as well (PLATE 1/3.). 
Plagioclase grains of the inner shell are smaller in size and form radial overgrowth around 
the core without a well-developed granoblastic texture. The inner core consists of tiny 
mineral grains, usually submicroscopic in size, with brush-shaped aggregates of a 
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conspicuous radial appearance (PLATE 1/4.). Among the core-forming phases in some 
samples spinel may be recognized under the microscope. Other breakdown minerals 
cannot be identified in the core, however, one of the microtextures studied also contains a 
kyanite grain in the centre. The textural relations are consistent with the interpretation that 
kyanite represents the original high pressure phase which became unstable during 
exhumation of the eclogite. The subsequent mineral zones formed due to a reaction 
between kyanite and other high pressure phases like pyroxene, garnet or zoisite. 
Plate 1/2. Cluster of microtextures studied in a matrix composed mainly by amphibole (after pyroxene), 
plagioclase and garnet. N1, 50x. I-amphibole; 2-piagioclase; 3-garnet 
Plate 1/3 The symplectitic internal core is rimmed by anorthite-rich plagioclase The external rim is plagioclase 
of composition Anjs-io. Note the significant difference in relief of the two feldspar phases. N1, 200x. 
l-anorthite; 2-plagioclase 
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Plate 1/4. Fine-grained symplectitie mtergrowth of spinel and corundum forms radiating growth N1, 200x. 
1-spinel (and corundum); 2-anorthite 
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Fig. 1. Compositional change of plagioclase from core to rim in four different cases. Each step means 2 
microns. 
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MINERAL CHEMISTRY 
In order to be able to explain the formation of the microtexture, the exact composition 
of the subsequent minerals was measured by electron microprobe, and the submicroscopic 
mineral phases have been identified as well. For this purpose, element distribution (X-ray) 
maps were made by electron microprobe. The differences between the two outer 
plagioclase zones observed microscopically, may be explained by their chemical 
composition. The external shell consists of a feldspar of An50, while the internal one of 
An95 plagioclase. The boundary is sharp, no continuous change was measured (fig. I.). 
Based on the X-ray maps the spinel is principally hercynite, with significant amounts of 
Mg and Zn; other metals (Cr, Mn) were not detected (fig. 2/a-b.). However, the maps 
suggest a heterogenous composition of the spinel, the core being Mg-rich, while the rim 
contains more Fe. The qualitative results could be confirmed by quantitative point 
analyses on some relatively big spinel grains as well. In the average of four large grains, 
the spinel composition is the following: He: 79%, Sp: 13.5%, Gn: 7.5 %. The X-ray maps 
could supply also the last phase in the core: the exclusively Al-bearing mineral is 
corundum (fig. 3/a-b.). 
In addition to the minerals mentioned the coronas also contain rutile inclusions, as well 
as late white mica flakes which appear sporadically without any relationship with the 
concentric breakdown structure. They are interpreted to be secondary to the corona 
formation. 
Possible breakdown reactions 
The textural relationships detailed above suggest that the corona-forming mineral 
intergrowth formed due to reactions between kyanite and other HP-phases, principally 
pyroxene. In retrograded eclogite kyanite is usually replaced by mica; margarite has been 
observed also in the Alps by many authors (e.g. BORGHII, 1991; BlINO, 1995). Appearance 
of the corona structure around kyanite described above suggests uncommon circumstances 
during the retrograde development. Possible plagioclase, spinel and corundum-forming 
reactions between different end-members of pyroxene and kyanite are the following: 
Although the original composition of the clinopyroxene was not preserved, HP-
pyroxene is generally low in Ca. Further reactions likely to have taken place when 
producing the anorthite are therefore: 
DISCUSSION 
kyanite + jadeite = albite + corundum 
2 kyanite + hedenbergite = hercynite + anorthite + 2 quartz 
2 kyanite + diopside = spinel + anorthite + 2 quartz 





3 kyanite + grossular = 3 anorthite + corundum 
2 kyanite + almandine = 3 hercynite + 5 quartz 
2 kyanite + pyrop = 3 spinel + 5 quartz 
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50 tin Fe 15 kV 14 n.A 
Fig. 2. X-ray maps of the spinel-bearing internal core, a) Mg; b) Fe 
1 4 0 
1 5 KV 14 NA 
50 un A1 15 kY 14 dA 
Fig. 3. X-ray maps of the corundum-bearing internal core a) Si; b) A1 
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Compound corona reaction rims may develop due either to sequential or simultaneous 
growth (GRANT, 1988). Subsequent reactions take place, for example, in forming garnet-
bearing corona around olivin in metagabbros, where the primary spinel-clinopyroxene 
symplectite may be replaced by garnet later. In the given case there is no textural evidence 
of the replacement of earlier phases; all corona-forming minerals formed during the 
kyanite-pyroxene (garnet) reactions, 
A complex corona structure may also form during the simultaneous reactions when the 
diffusion of certain elements is restricted. Resulting from the significant mobility 
differences, mineral zones with distinct composition may develop. In our case, kyanite 
serves Si and Al, while pyroxene and garnet "Na, Ca, Fe and Mg to form the paragenesis 
stable under the new P, T conditions. Iron and magnesium appear in two phases. The 
starting pyroxene (garnet) and the core-forming spinel contain both elements, in about the 
same proportion. Similarly to calcium, they occur in the internal core suggesting free 
mobility. The behaviour of sodium, however, differs significantly from the first three 
cations. The only Na-bearing phase, the Ab-rich plagioclase, forms the external shell; the 
Ab-content of the internal feldspar zone is extremely low, less than 2 wt%. So, one clue to 
the development of the given corona structure should be the restricted mobility of Na. 
In order to analyze the mobility of the kyanite-forming cations Si and A], reactions 
(l)-(8) are instructive: on the right hand side the product minerals are those observed in 
the core (corundum, spinel) and in the rim (quartz, albite, anorthite) respectively. There is 
a conspicuous difference in the Si/Al ratio of these coupled mineral pairs. While the core 
contains no silicate phases (for both ideal spinel and corundum Si/Al=0) the outer shells 
are more and more rich in silica. Finally, the external zone is pure quartz. The increase of 
the Si/Al ratio towards the rim is presented along a hypothetic section of the microtexture 
(fig. 4.). 







Fig. 4. Variation of the Al/Si ratio during the breakdown of the HP phases in the case of the reactions ( I M 4 ) -
Al-rich minerals are separated in the internal core. 
The most significant difference among the subsequent zones of the microtexture 
studied appears in their Si/Al proportion. The main reason for the corona growth must 
have been the lower mobility of Al compared to Si during the breakdown of the high-P 
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paragenesis. This process could result in a diffusive gain of A1 relative to Si in the core, 
and finally lead to the disequilibrium coexistence of quartz and corundum in the same 
system. Between these two phases the outer plagioclase rim formed an effective barrier 
controlling the diffusion of A1 and Si. 
When plotting the stability fields of the reactions listed above on a P-T map, 
decreasing pressure, but slightly increasing temperature during the breakdown may be seen 
(fig. 5.). The reactions define a wide pressure range, and reaction (4) gives significantly 
higher pressure than the others. This shows that anorthite (and corundum) must have 
developed prior to the other phases. This evidence is in good agreement with the different 
textural and geochemical features of the two plagioclase shells, suggesting that anorthite 
grew earlier and formed a radial corona overgrowth around the kyanite. The more sodic 
outer plagioclase rim, which presents a mutual granoblastic texture, likely grew under 
higher temperature conditions. So, not only the sodic-intermediate plagioclase shell played 
a role as an the effective barrier, but also the primary anorthite zone could separate Al-rich 







I:ky +jd • ab + co 
2:2ky + hd = hc + an + 2q 
3:2 ky + di =sp + an + 2q 
4: fcy + Ca-AJ-px • an + co 
5:3ky + gr = 3 an + co 
6:2 ky + 2 zo = 4 an + co + H O 
250 500 750 ° C 
Fig. 5. Each reaction suggests increasing temperature during uplift. Thermodynamic calculations were performed 
with a TWQ software using the database of Berman (1988). 
During a usual uplift both P and T decrease, the reheating refers to extreme geological 
conditions. Based on the current tectonic models for the Swiss Central Alps two solutions 
seem possible. Either the big granodiorite bodies found south-east of the eclogite locality 
intruded simultaneously with the uplift causing an extra heat-source, or the Adula nappe 
carried the heat when covering the underlying tectonic units (melon pit model, ENGI et al., 
1995). When studying a breakdown microtexture of kyanite similar to the one described, 
HILL AND BALDWIN (1993) found a relationship with granodiorite bodies, which intruded 
due to the uplift of a metamorphic core complex in Papua New Guinea. To answer this 
question, however, we need more study. 
Increasing temperature, of course, induced a more intensive sub-solidus diffusion, what 
lead to the corona growth around kyanite. At a certain value, however, also temperature 
had to drop and start decreasing. Because diffusion rate is an exponential function of 
temperature (PUTNIS, 1992), the diffusion and also the growth of the corona eventually 
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stopped allowing the metastable microtexture to persist. During cooling, probably due to 
the following reactions all Al-rich phases were replaced by mica: 
corundum + K+ + H 20 = muscovite (9) 
kyanite + K+ + H 20 = muscovite (10) 
hercynite + K+ + H 20 = annite (in a biotite) (11) 
spinel + K + + H20 = phlogopite (in a biotite) (12) 
In several samples studied also isometric sets of plagioclase and mica, or plagioclase 
and corundum remind the previous existence of kyanite. 
CONCLUSIONS 
Compiled corona forming processes in the eclogite samples at Gorduno in the Swiss 
Central Alps represent a series of diffusion-controlled reactions. The corona structure is a 
result of reactions between kyanite and other HP phases; pyroxene, garnet and zoisite. In 
the internal core Al-rich minerals (corundum, spinel) are separated, and the Al/Si ratio 
decreases towards the rim (anorthite, plagioclase, quartz). The observed mineralogy 
formed due to the restricted mobility of A1 relative to Si in high temperature conditions. 
Due to cooling diffusion rate had to decrease making the persistence of the double 
corona structure possible. 
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